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fieported is a research project vhich investigated 
^ vhether^ junior high students 1^ the Ithaca, Nev Kork, area can 
1 acquire and use the "concept sapping" and "Gonin's mapping" 
strategies to facilitate meaningful learning. Concept mapping 
involves the identification, hierarchical organization, and graphic 
depiction of relationships among concepts in a body of study 
material. These procedures are consistent with Wisubel's^ theory of 
-^meaningful learning^ The second learning strategy involves 
irecogsi^ing that , all knowledge in the sciences is constructed by 
reusing records and record transforming procedures which are guided by 
^:thm concepts, .principles and theories that people employ^ Gowin's "V" 
liis:_a heuristic device .that students use to graphically illustrate the 
l^inter play between the- methodological and conceptual elements of each 
^episcde of knowledge-making, such as a laboratory investigation^ 
pXlthpugh many project activities centered on Implementation of the 
Klf© learning strategies, the positive cognitive and affective data 
tiiad support to the effectiveness of this "learning how to learn" 

'j^e^, Xncl in the appendix are the teacher "s handbook and 
^^§3^a|of student*constjcucted concept sT^ps and "V" map^« 
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ABSTRACT 



This study was 'bantered around the question , **€an junior high school 
scitnce students acquire and use the learning strategies of ^concept mapping 
and -Gowin's raa^ping^ to facilitate meaningful leaming?'- 

# 

Concapt mapping involves the identification of concepc s In a body of 
study material and the organization of those concepts into hierarchical 
arrangement from the most general, most inclusive concept to the least 
general^ most specific concept. These procedures are consistent with 
Ausubel-s theory of meaningful learning. Furthermore ^ concepts In the map 
relate to each other by '^connecting lines ^' that define propositions or 
specific relationships between concepts^ for example that "Arthropods have 
jointed appendages." We define concepts as "regularities in events or 
objects designated by assign or s>nnbol," and in owe example "Arthropods" 
and. '-jointed appendages" represent ?two concepts. Propositions, in turn, 
are relationships between concepts (as in our example) and the acquisition 
of relationships, between concepts Is the key element in meaningful learning . 
CAusubel, 1968, 19783* 

" A second "learning strategy" or "meta-leamlng** activity ii^e., learn- 
ing about learrilng) is the recognition that all knowledge In the sciences 
is constructed about events and objects by using concepts and record making 
or record trans fosTaing procedures ^ guided by the concepts, principles, and 
theories we imploy, Gowln's *'V'^ is a simple heuristic device to show this 
Inteirrelationship between, on one hand,, concepts, prlncif>les, and theories j 
and on the other hand, observational or record making procedures, record 
transto™ing procedures C^*g* graphs^ tables, statistical computations), 
and consequent ^'knowledge claims." Students learn tO: recongize that'our 
"knowledge claims'' In science are dependent on the concepts and theories 
that guide our inquiry^ and also on our record making and record trans- 
forming procedures. ^ - 

The study w^s conducted with seventh and eighth grade science students 
in the Ithaca, New York area. Data show that both high and low ability 
seventh ^and eighth grade students Cas raeasiffed by standardized achievement 
tests) can acquire adequate skill In the use of the strategies In cojijtmc- 
tion with ordinary jimior hi|h school science progrwnSs and that there is 
an association between skill in using the strategies and positive attitudes 
toward science and success in new probl^ solving. Although this research 
Is in tha category of a "preliminaiy invesjtigatlon," with much of the 
project activities centered Bn procedural problems for classroom instruc- 
tion in the strategies Cincl^ing preparation of a "Teachers Handbook"), 
the cognitive and affective achievement data are positive and favqr further 
research and ifflplemantation of the "learning how to leam" strategies. 



* m m ' ' . 

111 



ACKNOWLEDGEMENTS 



1 



The staff of the ^'Learalng How to Learn" Pi^ject would lik%to * 
e^^resi their appTaclation to the many people who have given their time 
and energy so that th project and the final report could come about. 

First, to the National SGienee Foundation that provided principal 
fimding for tha project through the years 1978-1980, and also to the . 
Shell ConipMies Fomdation, _ , 

To the teachers^ Sarah DeFranco of the Trumansbi^g Middle School^ 
mry Bente.and Jay Decatur ^of the African Road School in Vestal, Doug 
Larison of the Lansing Middle School, and Denny Wright of the Homer 
Junior High School. A special thanks goes to Chuck Shmka of the Boyn- 
ton Jmiior High School in Ithaca for some initial trials with our ideas* 
Also, to Ron Amstrong of South Glen Falls, New York, who quite indepen- 
dently worked with ^these strategies and graciously shared those experiences 
and suggeitions with us. All these teachers have e^^ended great effort 
to try the^e ideas in their classes^ and have provided honest and clear 
criticism of the program, Given^ all the constraints that classroom 
teachers work under, it is remarkable that they tolerated all the visits, 
revisions, re-writas, and re-definitions with smiles and imder standing. 

To the students of TnMansburg, Vestal, Lansing, Homer, and Ithacs 
for all their work on our behalf. Anyone involved with education kmm 
that the student is our most severe critic. We hope that we have given 
them as much as they have helped us. 

To the adrainistrators, Joseph Meskill in Trumansburg, Thotnas Jones 
in Unsing, Albert GuEzi and Jack Highwn in Vestal, and Harley Albro in 
Homer. Their interest and support are much appreciated. 

To those graduate students at Cornell who offered their time without 
remuneration to work on ideas that they thought important: Susan Melby, 
Erica Polafcoff, and June Kinigstein. And to Kip Ault for Ms. many ideas 
and suggestions for the project. 

To our consultants at Comell, Professors D. Bob Gowin, Emil Haller, 
Donald Hoi comb, Jason Millman, and Don Paolillo. Their constant pressing 
for the right questions to be asked forced us finally to ask them. To 
Professors Robert Howe (Ohio State). Leo Klopfer and Audrey Chaii^agne 
CUniverisfey.of Pittsburg), Jane Kahle CPurdue University), and Jill Lar- 
kln CCamegie Mellon itaiversity) for All their help and useful suggestions. 

Several drafts of this final report- were prepared by Gerry Johansen 
who also coordinated staff efforts during the 1979-1980 school year. 



TABLE OF CONTENTS 
ABSTRACT Y*^^^^i«^i?^it*f^*i^^t^«ft« i«»f*9 f^«t«ff<iic^« ift**?*! 9 * * * iii 

I. ORIGIN AND CONCEPTION OF THE PROJECT I-l ' 

II. A BRIEF HISTORY OF THE "LEARNING HOW TO LEARN" PROJECT II-l 

III. PARTICIPATING SCHOOLS AND TEACHERS III-l 

IV. MEANINGFUL LEARNING , IV- 1 

V. CONCEPT MAPPING 

Introduction ^ « * ^ , , , , , ^ • , « , , ^ , , . . , * V^l 

Teaching Coneept Mapping , * t * ; * * * V-3 

Evaliiation of Concept ?tops a * V-6 

Evaluation of Concept Maps during 1979-1980 V-10 

Abbreviatad Analysis of Data in this Section , , • , V-26 

Format^a Evaluation of the Concept Mapping Strategy . - V-28 

Caveats for Using and In^lemanting Concept Mapping , 
Consistency in Concapt Jttp Scoring ^ . * V^3S 

VI. THE EPISTEMOLOGICAL Cra^OWLEDGE) "V»* 

T^e Evolution of the Epistemological (toowledgal "V" 

for tha Proj act #,.•#...***••***•*. i**i**i«*«**?*'i»*i*-t**«»'f* VI"1 

Implemantation of tha Kno^adga "V"i 1978-1979 , /VI-^S 

Implamantation of the Itoowledge *'V"i 1979-1980 VI-11 

Evaluation * * • * * . VI-* 14 

Cavaats Regarding tha Introduction and Use of the 

Kriowledge "V*^ ^ VI-38 

Consistency of '^V** Map Scoriilg Vl-40 

VII. TMNSFER OF LEARNING . AN^^ 

^ ^ Pandul^/Elodea Intarviews^ ; . V VII^2 

Problam Solving Relatad to Class Work . VII-6 

Thm Evolution Problem . . ^ ^ . ^ * * , * . * VII^B 



The Acetabularia Problem . VII-11 ^i^^-^ 



The Wlnebottle Exaniple VII-IS 

Data From the Winabottle Exainple ^ ^ , VII-IS 

Tha Elactricity Example VII-20 ^ 

Data from the Electricity ExMple * , * , , * • » VII-22 

II. ATTITUDE ASSESSMEOT 

Dr/alopment of the. Attituda Aiiesimant Instrumiant VIII*1 - 

^ Remits of tha Attituda Asiassmant VIII^IO 

Analyst of Rasulti # VIII-^12 

Porraativ^ Information on Attitudes VI 1 1-12 

IX, STATISTICS AND ANALYSIS ' ^ - 

Standardizad Tests" to CharactaVlza the Studant Populationf • , . , . 

Concept Mapping ^ * • * * • • * IX-6 

Tha i&iowladga ''V" ....... IX-12 

Conceptual Questions : Tha Win^bottla EKampla , , , , IX-19 

Concaptual Questions t TTia Elactricity Example i , .... ^ IX-23 - 

School Achlavament , , . * * IX-29 

Corralatlon Analysis ^ IX*30 

X* CLAIMS .^D RECOB#IENpATIONS FOR "FUTURE RESmCH 

Jtojor Claims o^ tha Four Research Quastions 

Reconmiandatlons for Futura^^search \ , , X-12 

REFERENCES ,^^##»*«i.*f.*..*i..t*-i»«i8*»^* ••*••«*•».•.•».•**. vH"ix 

APPENDIX I; Taachars Handbook far tha "Leaming How to Laam" 
Program , 

APPENDIX III Salvia Concept Maps/S^pla Clinical Intarviews 
APPENDIX III^ S«^la teiowledge ^'V" Maps 

APPENDIX IVi San^le Conceptual Questions from Winabottle and 

Electricity Exai^las ^ - 



I. 0RI51N AND CONCEPTIDN ttF THE PROJECT 

« 

During the 1950's early 1960's, Novak and his student^ conducted 
research on factors influencing problem solving. This early work was' done 
e^loying a cybernetic nradel CWeiner, 1948;, Estes, 1950 ; Novak^ 1965) that 
emphasiied the distinction between storage of information and processing of 
information. By 1963, our research group became familiar with David .. 
'Ausubel's (1963) cognitive learning theory that emphasised the central role 
that cbneepti* play in the acquisition ar\^ use of knowledge, and Ausubel*s 
theory became the psychological foundation for our research from this time 
foward (Novak, 1966, 1977a). - ' . . 

Another factor contributing importantly to the conception of the, 

project were chaiges occurlng in views on the history and nature of science. ^ . 

Conant (1947) and later his protege Kidin (1962) emphasiied that inquiry 

in science is guided (and sometimes constrained) by the "conceptual iphemesl' 

or "paradigms" sciantists invent. This epiitemological shift away from 

Baconian-.Pearscnian, tradition that dominated philosophy of science for 300 

-years led to an eraphisis on tha mutable, avolving nature q£ scientific 

concepts, best characterized by Toulmin J19T23 . This epistemologic^ shlft/^ 

from a- view of science as an ent^^rise in search of "laws" .of nature to 

an enterprise seen as much more served by evolving conceptual schemes or 

explanatory models, provides a view of knowledge complementary to a psycho- 

logy of learning centering on the acquisition and use of concepts. 

Over the past two decades, our research work and curriculum development \ 
^ " - * % ^ • - . ^ 

activities led in the direction that suggested that students can be aided in 

~*Aithough many variations exist in the- definition of "concept," we have defined 
it as a regularity in events or objects designated by a sign or symbol. 
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leaming not only through better specification of learning objectives and 
organisation of subject matter, but also through explicit guidance to 
studeErts. in learning stjategies . Although much of our jresearch and related 
work of Reif (1976) and his co?lea^es at Berkeley was conducted with college 
itudents^ our research with children (Hibb^rd and Novaks 197S i ^^sbaunl and 
Sovak* 1976)' and the work of Ka^^lus (1979) an J others suggested that' junior 
high students should be successful in acquiring specifics strategies in 
learning to aid them in learning and imdarstanding sciMce* 

From our research program and theory deyelopmentj two specific peda- 
gogical techniques emerged m useful leaming sfrategies: concept mapping 
Csee Figure I* I) provides a tool for aiding students fo understand the 
silient rple t&at concepts play in learning and intei^reations of events 
or objects; Gowin's episteTOdlogical ''V" C^ee Figure I ,2) to illustrate the 
interplay between conceptual and procedural elements involved in knowledge 
production. These two pedagogical techniques are derivatives from learning 
and curriculum theory guiding our work, and from an epistemology cdnsistent 
with contemporary views o4 the process of knowledge production in any rat?ional 
enterprise. TTie primary purpose of th# research reported here was to 
address the question: * ^ 

CAl^ SEVENTH AND/OR EIGHTH GmDE SCIENCE STUDENTS LEARN TO USE 
CONCEPT MAPPING AND "V" MAPPING STRATEGIES IN CONJUNCTION WITH 
EXISTING SCIENCE PROG^^S? 

Secondary J but also important , questions weret 

WILL STUDENT'S ACQUISITION OF SCIENCE mOWLEDG^ AND PROBLEM 
^ ' SOLVING PERFORMANCE CHANGE AS A RESULT OF THE STmTEGXES? 

WILL STUDENTS^ SHIFT TOWARD A MORE POSITIVE ATTITUDE AmUT 
' SCIENCE? 

CAN CLASSROOM TEACHERS BE TAUGHT ^TO INSTRUCT PUPILS IN THE 
^ PROPER USE OF THESE STRATEGIES? 
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© I.l, Concept Map prepared by student ^065 during^preliminary 
clinical interviews COctober/ November, 1979)* 
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objects/events 



Figure 1*2* Gowin's Epistemologic^l *'V" (in press) used with seventh and 1 
. ' eighth grade students as ^ heuristic to help in understanding how | 
knowledge ii produced in the sciences* ^ - 
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^ ^In the limited scope of this research Cproj^cted initially over gne 
calendar V^atf) wa cpuld not ej^ect to obtain more than tentative answer^ 
to the secondary questions mentioned* ^ . ^ 

It was quickly reallied by the staff and the consul tatits of the \. 
'■Learning How to Learn" Project that this research was a true inqui^'ry* 
As suchj we had to expect to 'wrestle with theoretical Issues^ create ' " 
evaluation instriments that reflected the, theoretical bases of the project, 
find ways to be,st implement these strategies in the classrooms, and mrk , 
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■ within the ^amfework that governs public schools. This spirit of ^inquiry \^^;rirM 



to 



^^^^^BE^^BSRHiifWHat ■worked, in the.rresearch, ; :but 



^^^g^^^^|£ what worked in the research, but als5 witH 

|^Pffi^^^?%at work . In some respects . : this . latter concern 



i^|^^ig^U:Since-it^ovide^.fl£herV^ 



^^SSil¥f^s\iiwhat has already been shown to-be ineffective. . ; 

S^itrCn^^^ was to have research project staff members teach 

gi^lieaming strategies, using the subject matter ordinarily presented in 
Mhe^classroora. However, the teachers who chose. to work with us were 
^Siltued by the strategies and preferred to inco^erate them into their 
^^^^^struction. This, of course, was more desirable, not only because it 
l^^^^ed; .staff time for evaluation and other duties, but also because it „ ■ 
''f^lrdkse -for eventual wide-scale dissemination o£ the learning 



felef©: hopeful that some ^ej^ licit instruction in leamirig psychology, 
_tlly on the role that concepts, play in meaiingful learning, would 



^e and, permeate. Instruction in the program, ivhile all-teachers were 
l^fp^ t a ^introductory 'materials on 'the. psychology of -learning C^ee ; - ; 
tib Bisection II),^there^as-M apparent lack of enthusiasm on the, '; 
f^^^yorihe; teachers to continue to stress the psychological Basis for *. 



^^P^^ISing. '^ ■ Ttiis ^ 
^^^g||ii^;stMtegi^i,some or;^^^ 



S^Prbm previous Work; With college students, we expedtod acceptance oE. 



^.se^tW^"rei&^^ with which students engaged in the strategies,,:,^ 

'4,^^m^^\ "■•''-■•*s%*f^«'j.', ■ . _ ■ ■■ - '.i'"' 

ii^tlS^^H^Soncept'- mapping. :TI« remainder- of the report will ^.g 






feiySS^iS^^^^ THE LEARNING HOW TO LEARN PROJECT 

' : ^'"""^'i^^^^ o£ funding for the project was received in October,; 19^^^ We . 
gpg: : the Ithaca City Schools to condOct:|^^ J^^^ 

^^M^^: ' ■ . ^ ~" ^.^"V- --™,. = ^^^ ■■ " - - - -^ -^ 

_JSjB=K2^'i' . • - , , • V. - - .' . . ' ^l^/-'--" ■ 

%f|; the research in the 'two junior high schools in that district. A meeting 
i * with administrators, principals^ ajid science chaixparsons of the two junior 

high schools and project staff was held , in early November, Project staff 
had been recruited from the pool of graduate students^ with eS^erlence at , 
various levels of science education* A researGh associate who was fainiliar 
j^/' witW the theoretical foimdat ions and activities of the planned work was 
^ J; ei^loyed full-time. 

The administrative staff was receptive and enthusiastic ^ eager to see 
the project connnence^ but we were somewhat surprised to find many of the 
science teachers relatively ;'cool to the prospects of a "new thing" to be : ^ 
dealt with% V'T^^^ In part to the teacher*^ contract 

negotiations iimderway ^nd/or oither teacher-a^inlstration problems extant 
in Ithaca at that tfime, - We found later that similar problems' would be ^ i 
evident in the Vestal City Schools; once again we witnessed some of the 

• - . ■ . r " ^ ^ ^ ' " " * ? . » . 

problems associated with educational "research in "real ^orld" settings. 
NiBVertheless, two junlor^ high ^teachers from TtKaca did xolOTteer to begin 
work with use and preliminary instructional work began in November ^ 

We bfegan working, with groiiqps *of 10 ta JO seventh grade /students wKb 
volunteered to participate In "8th period^" an aftlr-school period for ^^^^^^^^ 
special" activities prior to final' school bus departures. For the most part, 
these students v^ere highly enthusiastic md cooperative,,, and helpful to ; 
US.' They sought examples of concepts and other Items on Gowin's ''V'S relati\g^ 



m 



..to ;their classwork, indicating that the educational concepts we were presenting^ 
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-feouidrbii^ of the regular sciance classworitv 

VS^Gpnfident that we could begin in regular classeaj wa began with one class 

and^ later .proceadad to work with all but one "specifal class^^ of seventh'^ 

-//' 



'—'"^mrt^^'^'^t^AentB. One of our first 'whole class sessions dealt with the^fects 



of axercl'ie on pulie rate, and uiing an overhead projector togathar/^l^ith 
the blackboard, we constricted a ''V" map for this^ aqtivity ai Bhaytn in 
Figure 11,1. Since laboratory work was infrequent (less than weak), 
wa introduced soi^e additional e^arimanti Ce^g** the study of^diigaition 

for our 

staff V and impractical in the long run* 
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Figure II. 1. 



»'V'* coiiipl©t'td for tha laboratory exercise *'Pulse Rate," in 
early attempt to incqxporata the into elassroom labora- 
tory axarclsas, CO^tpber, 1978) 



) After a few. class sessions in which our project staff led instruction 

in tha usa of "V^* maps, the regular classroom teacher expressed 
in utilizing tha proceduras as part of this taaching, W the staff's role 
:^^.befan-tb foeussing on providing suggestions for^^^ actiyities 

and preliminary efforts at avaiuation prQcadures for tha use with the ''V". 
IMfortunataly, the teacher decldad to resign from teaching at the and of ^ 
the school year and did not wish to continue his initiative in using the 
Strategies* Wa sought other teachers during Decambar and January, Contacts 
had bean made with an eighth grade teacher in the Lansing Schools. Ha ^ ^ 
e^^ressed an ihtarest in our work and we coranenced classroom instruction 
in January. Firrthar infoCTsa^ion about participating schools is providad 

^ in Sactiorf III. , ^ ^ 

. At the Lansing^Middle School, 'Wa^mada^^^ progress in utiliEin^ 

thi 'T;'^ with the naich nfora' axtensiva use of l^oratory work associatad with 
the INtROpUCTORY^ PHYSICAL SCIENCE (IPSD Program in use with eighth grade 
' classes. Evaluation strategies- ware^ develo evidence was obtained 

indicating most of the eighth grade students were highly sucqessful in con- 
struc'^ig "V' s** arid, in interpreting them '(in clinical interview sessions) , 
Concept mapping was initiated in March^ 1979 and , .this also procaada| v^lli 
and was, wall received by the students. We began work with concept mapping 
with a seventh grade science teacher in Trumansburg, and made arrangements tp 
begin work in seventh and eighth grades in Vestal^ New York. At both 
Trumansburg md V^^^^l * flrst introduced students 'to some activities- 
Illustrating ineaningful learning (Appendix. I * Section 11) and then rinstructed^^ 
■ , them in concept mapping, The sequence, (1) learning activities^ (2^ concept 
mapping, and C3D "X" moping* proved to be procedurally more ^propri ate " 
Mid easier than the sequence beginning with "V?^ mapping employed in Ithaca J 



By the end of thb 1978:^979 school year; we had su^^ 
irfrSEfflinary "Teacher';* Handbook- for use with teachob wishing to use the 
■ strategies and had developed evaluation approaches fbr assessing students '.^ 
^ sueciss witJv c^^ mps, "V" maps, and science prftbiera solving; Although : 
all of these material procedures underwent extensive modification and 

refinement during the 1979-1980 school year, W were prepared to begin the 
fall semester at Trumansburg md Vestal Ct,he Lansing teacher returned to 
Cornell for graduate study and became a project stafr member) . The tumover 
of participating teachers and, school districts necessarily delayed progress 

on the pr,oject and. the original twelve month schedule for the research was ' 

' ' ■ ' / ... . ■ 

n#cassarily ^tOTded., Ho waver, the, ch^gi in proeeduras Cfrom it affiled In- 

stxiictxon to taaehar-lad instructlpn) ,^d tha wide array of participating 

schools involved addad'to the promist for wider disaamination of the program. 



should avaluat ion data indicata meritf to tha progrin. 

SaptamBar, 1^79 fbimd Vestal iri^ a contract diiputa rasuiting in a "work 
to^rula'* prtisura on participating taachari and slowad prograis In tha intro-^ 



ductioT) of the stratagias. At Jriimmiburg, however, work bagm iminediataly 



in tlia Fall saraastgr and contijiuad Smoothly throughout tha^^^ 



^ "iMh.grada scianca taachai^at South QIot Fails,; Naw Yoric^ and a lavanth 
grade taachar in Homer, Waw^rk axprassad intarait in oift projact. Using 



the prali^^ ^andbook and minimum guidanca from our project 

itaffvCtwo or three QOnvaMfti 

enthusiasm in in^lemanting tha stratagies. Mlthough wa wara slow to bagin 
W^usa of the^ learning strategies *tn yaital, Goncapt mapping instruction pro- 
ceedad well in both sai^anth and alghth grade s^ciehca class, "while **V?' mapping 
jms extensively used in tha ^aighth grade class, PfoQaduras. for instruction " 



ic 



were £urth#p refined^ foyndation of the project was more 

extensively articulatad* | This raaulted in a correiponding growth in the ■ 
evaluation procaduras thfct would be employed throughout tha school year. 
Data collection proeeedid throughout the yaarj largely for formative evalua- 
tion purposes in the fall semester, but increasingly to serve as a basis for 
summative evaluatwn claj^ms^ especially frpm March-Jime, 1980, Detailed 
descriptions of instTOctional procedures and evaluation follow in later 
sect ions* 
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III. PARTICIPATING SCHOOLS AND TEACHERS 

In brder to characterlzt ^^the schools with which wa*worked during tha 
two years o£ our study, tha foUowing ii given. In addition to infoimation 
about the schools j the professional preparations and backgrounds of htm 
four teachers involved in the project are also described. Although we \ 
began our study in the Ithaca City Schools in November, 1978, and contin- 
ued some work into the Spring semester, 1979, this was essentially "pilot 
program'V work md did not involve later performance comparisons. Figure 
III.l is provided to show the relative positions of these schools to 
Ithaca* ^ 

^Lansing is a tomi with a population of six thousand arid issJLocated 
about ten n^es north of Ithacai New York* It is a middle class . ^ 
community^ and is classified ^y, self aiaisslon) as "rurban,*' that is, 
composed of rural and urban fictions, TTiere are' three schools in the^^ ' 
district ^; one elementary serving /gradbs K through 4| one middle school 
for * grades flvp/^hrou^ eight * and % high school for nine through 
twelve. Our . project wasv involved with tlie eighth grade science, teacher 
at the'middle scl^ol which had^ a student pqpulati'on of 375 in/ 

A1978-1979 vdth eighty-eight In' the eighth grade, v % fgimal sciehpe. ' ' 
curriculim exists foy the middle school arid high' s^^L^ , 

' Truminsbturg is located about ten miles from Ithaca on the west side _ 
of Cayuga Lake'* Itrhas a population of about three thousand, and is; . 
classified suburban* Like Lansing, there are-three/^chools in Trumans- 
burgf" one elementary serving grades K through four; a middle school^ for 
■grades five through eight] and the high school for gfcaties nine through / 
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JftJ^^Swalve: TTie sttiddnt population in the middle school is slightl^ hieher 
^^^SlhigLi Lansing with 393, and about, one hundred of these students are 
l^^l^ffSii^mth graders- A formal science curriculum exists for all grade levels/ 

isaiiK''.-^^. ■ , : - 

^^^4.:.: ;k through twelve. * ^ ' * 

Compared to TnaiMiburg md Lansing/ Vestal is a vary large school 
S ^ district, serving a coBununity of 26,000. Vestal Is located along tfie 

Southern Tier of 'New York state^ about ten miles west of Binghamton* . 

It is classified as suburban a(id is middle class. Vestal , has five * 
"4^-- 5^^^^^ schools, a jimior high scjiool coiEposed of seveath and eighth 

gradesy a ninth grade school, md one high school for grades ten through* 

twelve. A formal science curriculum exists for grades -seven through 

1^: . twelve, and ii superyiied by a district science coordinator, ^rican 
L^':;-J^ School,. , the achool in which we worked, enrolled almost 

eleven hiiidred students, evenly divided between. the seventh and eighth 
-^Q^^^ . grades. The Project worked with two, teachers there, Mary Bente In ^ . 

the., Seventh grade. Jay Decatur in the eighth* . 

Doug Larison, Lansing Middle School, had been teaching for four 
x^i^i^'^:BAi{onm^hBl£ years when he volunteered to work with our project. He ^ 

- eaxfted^^^^ and had been teaching physical^ 

' ; / ' #tiTOCe for four years, the last ^wo involved with th^ IPS Program i% 



/ Lansing, After the first yeai^^ involvement with our project, Mr^ 
^"^^'^^^^^ graduate school at ;Comeil to pursue His peCTianent 

.certification from New York^StatQ and a Masters degree in science 



^/i^^ ea\i£ation* As a student during the 1979-1980 school yeat, Mr. liarison 
'^'^^Mi^^'%:;;T0smBTch assistant^ oh the Staff of the 7'Learning How to 
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Sarah D#FrancQ, TTOinMsburg Middle School, Was an ^ight year veterM 
when shf signed^on^to"i¥Oi^k^=w^ ^in the Spring of 1979'. Sh© 

received an Associatasdegraa from Auburn Conununity College, her BS 
from Cornell IMivsrslty, and har Maittrs degree* ftom Elmira Collaga* 
DiH^ing har alghTt yaars at ^*^^raHyburgi=^tes^DaE:tafig^ an a lament ary 
cpfflmon bramch taacher for ona year, taught ISCS in aighth grade scianca 
for thraa yaars^ and junior high ^biologiQal scienca for leven yaari, 
ffrs, DaFranco Mntinued with our project through its complatlon in 
June, 1980, 

Jay Decatur had bean teaching In Vestal for the tWalva yaars of 
hii career. He had at tended Elmira Collage, ^SUNY at BinghMiton, and 
i^ ter T ech^CTegMj^g.^d poiseaied thirty-eight credits beyond his BS, 
degree. He has taught SciencS T^for four years, Science ^8 for nine 
years, and Scienca 9 for twb yeart* f , ■ ^ 

jtary Bente had taught for six x^ars in the Afri^can Road Junior - 
High Schodl when sha velimteered for our .project* She majored*' in - 
alamentary and secondary scienca education at SUNY at Orieonta, and 
possessed thirty cr-adits, n^stly^ in special education, beyond her BS. 
Miss Bente has taught Science 8 in Vestal for three years, <^and has been 
teaching Sciariqe 7 for the past three years* 



IV. MEAN IN6FUU LEARNING 



Our first work with students was with a g^oup of volunteer in Ithaca's 



Boynton Junior High SchOQl after rtfula% classes. We offered a definition 
of concept* and, asked the studantt to naane other concepts and to desipiatt 
the objects and/or events relevant to those concepts. The students respond 
ed to questions rapidly and were eager to get on to ^the discussion of 
"how to 1 earn better," which we said would be the subject of the after- ' 
class sessions. They thqught the distinctio'n we made between rote learn- 
ing (siniple memorisation of statements or definitions] ' and meaningful 
learning Chelating new knowledge to knowledge previously learned) was 
.rather obvious, Tliey persistedi "But how do we\leam to leaxji' better?";. ^ 
"How will this help me to learri science?". It became 'clear to ui that 
we needed to apply onfe of our. key principles of learning to relate 
new knowledge to things the students already knew about science/ and to 
things they were cjirrently learning in class, 

' We proceeded to introduce Sowings "V" and the terms associated with 
this device, rflating this^to work they were doing An, class i i,e,, frog 
dissection. We also introduced^ some .t*games" as TOtivational devices; 
e>g,, "see: how ramy events you cah writb down in three minutes, " (MQ^t 
students could' correctly identify six to ten events.) Although w# were 
successful in familiarizing students with the elements of Gowiii'.s "V", 
w© felt that students , were laTgely uncertaip, as to how the "V" rrtated 



^asnote4 earlier, we define concepts as regularities in events and objects 
designated by a sipi or ^jnnbol, . 



to tha study biology. This impression persisted imtil the Christmas 
breaJc as we continued work with laboratory activities and use of the 
"V^' Ciee Section yi of this report) / ^ i 

As a result of our e^erlences at Ithaca »s Boynton Juhior High 
School t wa decided to use ^oma activities at Lmsing Middle School 
specifically intended to illustMte concepts of ieaming* When we 
eoranenced work w4,jh students, there in February/ 1979 ^ wt began\with 
activities illustrating sensory memoryi short term memory , and long 
term memory. Nfadified versions of these* activities are Included in 
the Teache]^*s Handbook CAppendix Section III), 

A 

Students were hij^ly responsive to the learning activities * and 
wa have fotuid this tq be true with college stlidents also. .Although no 
formal sitfffliative evafuation of these activities was done, -we found that 
virtually all?students could distinguish betwee^- sensory/ ^short-term*^ . 
and long-term learning Events. They were ^Iso successful in labelijig 
instances of leamiiig as essentially rote or Meaningful in character^ 
Chir judgments was that these activities were successful, so we did not 
ei^end effort on evaluating this phase* a £ the project. ,"in ratrospect, • 
hbwevir, both teachers "and students may have gained superficial knowledge 
of the^yarious types' of learning, and this may have limited some of the 
potential value in later concept mapping and "V" mapping. We would ■ 
recommend further research oh levels of achievement of understanding 



of these forms of learoing, and possible relationships to success in 
concept mapping and "V" mapping. ^ . ' 
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fn 3pite of the liinited avalumtlon, both teachers" aad stiaants 

- . _ • ^ ' ^ * , ^ * ■ ■ - - ' ■ -^^'^ ' 

reported satisfaction md gucceis with the "laaming activities."^ We . . .-^ 
aiso found that the introduction of concept mapping went much mora imoothly 
whan thase learning activities pracedad concept mapping. Since. only a 
portion of twci or threa class periods is needed for these activitfas 
teachers hava all rega^dad tham as. worthy of the time involvement, ^ 
An tmusual nimbar of positive responsas ara also being rafcaived from' a 
pubiiihed^ paper CNoviJc,;i^80)^ in which thaia learning activities ware ' 
prasentad*. Lhlaas further raaaarch shouLd cast some doubt on the use of 
thasa activities^ we raconmand that they ^be uied' as introductions to the 
learning strategies of concept mapping and "V" mappings ^ 
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V, eONGEPT MAPPING 
Introduction: 



Meaningful laaming raquirei a conscioui effort on the part of the student 
to ^^^alatp naw knowladga to knowledge praviously acquired. Concept mapping 
is a padagogical tachniqua to help stu4ants saa a^^licitly how naw* concepti 
aan be ralated w previously leamad concepts, . Tha sin^lait cpncapt map 
would be two concapti .linked by what Gardnar (1980) ha% daicribed ai^^ogi- 
:,cal connectives^" a* g, V words ^such as '^because *'althoughj " or by simp la 
-"Oirts, To^ighllrght the significance of concepts, we usually place thfese * . 
in boxas' arid comt^gt tha concepts with labelad lines or rectanglea. Tha 
concepts plus the verbs or-logical coimactivas form propositions , A simple, 
concept map for a familiar proposition would be: 







•SKY 





BLUE 



Another ^^sin^l a concept raap^^' but using a lass familiar concept j and henca 
^potentially less meaningful would bai 





SKY 




PARTicULATE 
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A more cbmplex concept map may begin to lllustrata new meanings to students 
and hence to axt arid their coric^ept meariings. Concepts grow in meaning^as 



^^ffeJthey become relatabla -to^ a wider array, of eoncepts in specific propositions , 
©"^-f^xample .of a nbre. complex ms^^ V.l, .on page V-2V 




fe^tSSfeAusubVlian' theory, we ean expeet that 

ip^i^ps^viU have the best "psychological" organization when they are 
I'edifiefarchically., with the most general, more inclusive concept 

There 



iE^'^^fj&ted: 




ERIC 




PARTICULATE 




ATOMS 





SKY 




AIR I 







&f r 



MOLECULES 



DUST PARTICLES 





°2 
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Figure V,l, A simple concept map including the concept "iky J' Concept 
maps* are composed of concepti and ''linking words'* which 
together torn propositloni. We have found that'^it ii useful 
to conJtruQt them hierarchically, that ii, proceeding from 
the most general i relevant concept "down" the hierarchy to 
more specific concepts* 



is always a jud^ant a^td what representi the best hierarchy for any body 
^ of subject matt#r,>ut. people knowle*dgeable in the subject can generally . ^ 
reach, a coniensus on ^'reasonable" maps* To some extent,; a concept map can 
be considered like a rubtfer iheet which can be lifted up at any one concept 
and make this the superordlnate concepts as our focus of attention 
shifts from one subject area to another,^ For example , In Figure 
wa could lift up the concept "air" md then the other concepts woul4, seem 
to be subordinate, but still related. The crucial psychological principles 
. are that meaning deriveiyfroin perceived reiatlonshlps between concepts 
and that learning p'rocBeds best when '•subsumptlon'' learning is encouraged, 
i.e. seeing new knowledge, as related to and assimilated under already, 

knovm, more general r el evairt cpiicepts. . | 

■ • ' • 1' • 

Ih current work with children in. grades one througn six, we are 

finding that" early exiles of concept maps should be clearly hierarchical. 

Fifth and sixth graders, first presented with conp ept maps with a "ciroular" 

organisation (subordinatej concepts radiating from a central broad, incp". ^ 

-'.sl^-^e.'?CdhceH^^ in sh'ifting later to maps with vertica^^^^ 



hierarchy. On the other hand, first grade children presentBd Initial 
examples with a vertical hierarohy could construct good concept maps 
given a last of familiar words selected to have potentially "top-down" 
hierarchieal order* ) 

From a brief Introduction to coneapt mapping, studanti can quickly 
see that tht ^'structure" of knowledge can be very complex^ that almost any, 
concept can be related to mmy othey concepts , and that there ii ho one 
"best way" to represent knowledge or to draw a concept map. . We have found 
these facts to have mptivational valuei since constructing a concept map 
proves to be something like puzsle solving^ and students can compare^ 
contrast , and .criticize others 1 concept maps, even those made by the 
teacher I Furthermore, students recogniie that they do^ know concepts that 
ate relevant to new learning that they can, if they try, learn new 
material meaningfully . Concept mapping is a natural extension of tiie 
learning activities discussed abovejfor it is the framework of concepts and 
propositions a student taiows that will determine whether s/he sees meaning 
in a new learning task, or must resort to rote laamlng. Concept maps are 
also a way pf representing externally the web of concepts and .propositions 
in long t em memory that comprises the individual's copiitive stinicture* 

Teaching Concept Mapping i 

Early in our work we found that a gdod way to begin concept mapping was 
to;, have students identify all^ of the science concepts in a segment of their 
textbook or laboratory study guide* This task alone often brings surprises: 
:to a teacher, for a single page may contain as many as . twenty or thirty--^^._ 
science concepts or other English words that have special meaning in the . 
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context of the science lesson. Far example, words such as "greater" or 

- ■ f 

**lass than*' may repreiant specific ^qiaantitative regularities, rather thari a 
more general notion of "larger" or "spialler," 

Next we asked the student— to ojder or rank these .concepts in a list 
so that the most "important " or most general concept is first and the less 
ifflportant, more specific concepts come later. Wliile the first step (identic' 
, fying concepts) requires some thought and careful reading, the' ieeond step ' 
really becomes challenging. Students need to, evaluate , what the reading ' 
passage is all about; vrfiat is the most important Idea of the concepts. 
. being, discussed, and. what is relatively less Important. But in spite of 
this challenge (or is it because of it?), students generally give positive » 
reports on their reactions to concept raappingw CSome quotes from students "^^ 
will be given balpwO ^ • ; ^ 'i ^ 

We have alio triad having student b prepare ctfncept mapi in imall groups : 
(two to four students), and to reach a conitnsui oi^ thair map. Much 
lively discussion conanaily ensues. Another strategy employed has been to 
have individuals or groups draw their maps on the blackboard or prepare their 
aaps on transparencies to be shown on the overhead projector. The dlscussio^B 
that follows usually challenges the construction of the map — what concepts, 
are at tha top or at tha bottom, and. what kinds of linkagai a^e illustrated ^" 
on the concept map. . - i; 

Another approach we used was to pass out small paper rectangles of two. 4 

. . , . ^ Vi: ■ 

sizes and have students write concept labels on the larger pieces and the i 
"logical connectives'*^ on the others. Figure V,2 shows an a^ample of such a 



_^ ' map. The advantage to this .approach is that maps can .easily^ b4 rearranged , 

^r.^ ^ and sometimes students ^ are >aked to see if they are still satisfied with thef 



map, A restructed map wt]Ll often retain unique reaturas, and studMts 
coma to appreciate some of the' idiosymcWic nature of meaningful learnini 
Transparent tape can be used to hold the paper slips in |?lace, and 
students report that concept mapi become good study materials for later 
review saisions in class. 





dre":V* 2- Concept map developed by Student #261 from a paragraph on 
: plant tells, (Mayv 1980). 



Eval-tiation of Coneept, Maps^ 

Prevtoui research amplDying concept mapping (Stewart , VanKirkj and 
Rowell^ 1979; Moriira, 1979) had provided some foundation for our evalua- 
tion program. Hbwever, we found it necessary to construct much more 
explicit criteria for evaluation^ and also criteria simple enough to be 
used by the busy- clasiroom teachar* In order to refine our evaluation 
criteria j we began by using a clinical interview approach CPines, et al,, 
1978) with students constructing a map from a ipeclally written paragraph 
(see pages V-H through V-24 for the paragraphs) ^ and then explaining to 
the interviewer why thej" constructed the map as they did. Appendix II 
gives complete transcripts from two clinical interviews. 

-The cltnicar interview protocol Included the following elements. 
First, we would ask the student ,to read a paragraph that was based on 
raaterlal that the ^student had already had in class. The paragraph was 
purposefully short, net mDre , than fifty words, with usually, no more than 
ten relevant concepts. After 'the student had read the paragraph, we 
asked him/her to write the major concepts, on small pieces of 1" x 3". 
green paper, and to,use other slips of paper Cl/4" x 2" yellow) to repre- 
sent the lines between the concepts. Students were not told to write on 1 
lines, but only that these yellow slips represented the 'lines. We wanted 
to determine if the students knew what they should write on these: lines, 
a ftmdamental element of concept mapping. -The reason that we adopted the 
ase of pieces and slips of paper, rather than having the interviewee 
'''f*?: oa sheets of paper, was to facilitate any changes of the 

during the •interview. , ' - , ; " 

,pnce the concept map was completed, we asked the interviewee, several 
questions relative. ^to the construction of the map: why that one concept 
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was on top, explain the relationihips reprasanted by the yellow lines, 
why are certain concept i were lower on the map, and we probed generally 

the structure and consent of the map. Of course, tape recordings were made 
of each of these initial interviewi, and the ^concept, maps were Scotch -taped 
down into a more peraanent form of records, tranic^lpti of each of 

the audiotapes for these OTd iubsequent Interviews were also made, 

*niese initial interviews were conducted with ipproximately eight students 
from tnmans burg during late May and early Jime, 1979, With the end of 
the school year quickly approaching * we decided that this small, nianber was 
enough tp begin ^developing the criteria for asseising the concept mapping 
, strategy (see the next part of this sectionO ' r 

During the early Fall"! 1979^ the staff again tunied to the interviews 
to revise them* It was felt that the interviews should also probe how the 
students feel about concept mappings and in addition to determining whether 
Students could actually construct them. This, then, was included in the 
interview protocdl, A preliminary sot of interviews was conducted in 
Trumansburg again in October 1979. The intention of this set was * 
to test the adequacy of the protocol and to acquaint new staff members 
who had joined us that semester with the. interviewing technique. Prom 
these initial interviews in October, the staff revised the paragraph that 
was to be presented to the students during subsequent interviews. 

During the aourse of several series of interviews over the year, .the— 
:/ : v staff decided to use a larger piece of paper (18" x 12") as the base £oT the 
JHv students* maps. The small size of the 8-1/2" x 11" sheets of paper caused 
-^M../ cramping Vf the concept m^. The larger sheets were less confining, and . 
S '^^S;:^:!^^^ Our Xerox machine could reduce these larger maps to a more 

^^i^ record keeping with transcripts of the interviews. 



TTircughout the Summar^j 1979, the staff, using the preliminary inter- 
views from the previous Spring in Trumaniburg, tried to devise adequate 
criteria for asiessing the cqncept mapi that itudents would construct during 
the clinical interviews. Finally, in the Fall, new staff members provided 
a imich-needed injection of new ideas ^ and facilitated the creation of the 
desired cTiteria. ^ very fruitfiul session in late September resulted in 
several characteristics which would become the core of the evaluation 
criteria. EssentiaHy^ the staff asked what charaeteriied a concept map, 
identified those elements CStewart* et al.i 1979) and then developed a scoring 
scale that would indicate students' performances relative to those elements J 

Figure V,3 is a. description of the "final*' criteria developed for " 
scoring concept mps. These criteria were used to assess all the concept 
maps that were collected during the school year 1979-1980, and form the basis 
of the reported data in the following pages. 

TTiese criteria were used to construct a less rigorous form for 
assessing student -constructed concept maps. Essentially, this other 
form was develpped to provide the teacher who intends to ii^lement this 
strategy in the classroom with an alternative which might be more manageable - 
than the more comprehensive form. This more general fom is reported in 
the Teacher *s Hajidbook, page V-3 (Appendix t) . 



(gnoff all pafti^ of fhr myp for r»nai tonHinpH tTiitTiun ii iiu • i- t,ii. iun>.Mi js. 
e^ipiUltl^ Ulefitifled hy prnptr Inhaling of the eunneetini See Appondis U ^t^etion 

||g|^7|0H§HIFS' O'^^ psint is ^iven For ^aeh r^lation^hii) betweth tws concepts pfovitled 

the ?8laCtOn^liip \% cnntene ^ofF^et .fiRd ejiplicitly staCed^ Ha aildLtianal 
- credit If AWnrdcH For Hiip! Uation Of the iasie r€i?tlonShip on ths concepf 



hierarchy: 



SRANCHIN6I 



Poiftts are- awarded dependtng on the degree 
ot hle^r^hy in the conQSpC wip^ The miM- ^ 
beV of points liven For hierarehjf dep^ndi , 
upon the mtMber of leveti t|iat are Identl' 
Fled in the qonstnicted sap. U^e the nnp - 
to the right for { I tiistrntion. 

One f^oint 1^ given for at least one cor- 
rect reliitionihlp p^r level g up nntil tv^o 
levels he^'ond the l<^^t branehini if Che 
map feralni 1 Inear^ 



The br^nqhing of the aoneipt Blip refers - — — 
to the level of deifee of differentiation ^' 
iHong the coheepcs that are illustrated > — =-i--»--=-*---- — — = — =^ 

in tKje, hierareKf. T^at is, it atteiipf S \ 
to rate the degree that' specific concepts 

are ajnnegted to more general or inclusive y 
concepts. That ratinf is as follbwi: 

One peint for the^ first branching where two Of ■©re gongepts nre " connected 
to the concept abbve. 

Three points for nny substquent branching where there is an eitample of 
two or nofe concepts connected to a concept above, ttie illustrated map 
at^ve Hould receive i score of seven* I ^i,nt for heveJ !» and three 
points each for Levels Z and 3, Mote that since nb branching occurs In 
l-evels 4 and ^, no further points' are awarded for this criferiBn. 




GENgRAL TO 

iPEClFlCl 



The concept iisp receives an additional rating for illustrating a general 
to specific pattern, ifliether one concept Is fsprc general than the ones 
below it depends upon the line which conrtects th** two concepts^ If no 
general to specific relationships e^isc» or loss than 10% of the rela* 
tion^hips are general to specific* the map receives a ^core of lero. 

IF in - ID% are correct * I ^^Int 

30 » iy%^ ^1 points . 

SO - " - 5 " 

70 - S9*i " _ a 4 " 

90 - 100% »• * 5 " 



CROSS LINKS » tnterratedntss In a ftitdent's concept ii^p indicates an integration of 

'concepts^ and is depicted as cross links on the concept map* Cross links 
$ho^ a relationship Hetwoen concepts on one branch of the hierarchy w| th 
concepts on another bninch> Notice tRetti^ e^aaiples of cfOfs links In 
the illustration above* A. rating of one point I*- given far each cress 
link showing the Integration aiiong concepts* additional points are 
awirdtd for dupl Icatien of the s.iRie cross link, that is, .showing the 
same integration of eonceptS> 



A scoring key dayaloped for providing niMnerical values to >m^ 
- tlemants of^concept maps. TTiis comprahansivt form might be use 
to help taachars and studants understand tha charactariitifci ^ol 
a good concept map, (j • , - 



V-10 . 

A word of cautlbn ii in order. While the criteria for the assessment 
of student ^constructed concept mapi do consider 'Structure as^well as content, 
the maps are an extemaliiatlon of the student's cognitive structure. While 
we believe that "the concept maps reflect, in some degree, the cognitive 
structure o£ the individuals, we do not know what systematic errors are 
introduced in this reprasentai±on, TTius, scores that the students receive 
on their maps may not be as valid as more probing and more time-consi^ing 
clinical interviews would offer* However, in the two years of the project's 
work, we were miable to devise BXi instrument that would consider all three 
of the elements that impinge on the construction of concept maps^ ability 
to construct the map ^ the content correctness as represented on the maps, 
and the map as a reflection of the cogriitive structure. Further re'Search 
with this strategy and assessment criteria may result in a more accurate, 

and thus, more valid use. of the instrtmient, 

t , . -. 

Evafuation of Concept Maps during 1979-1980: _ 

Evaluation of the concept miipping strategy began with the clinical 
interviews in Trumajisbia^g in November^ 1979. A paragraph was designed from 
the initial paragraph used in the preliminary October interviews* (The results 
of thfse October inter^iWws will not be reported since their major intention ^ 

' ,r-:. \.- ■ . ■■ ■ \ ^'-.--.^N'- . '7 ....... ^ ■ ^ . ...^ ..... . ■ ' 

was to famliariEeVthe staff ^with the cllnical^interviewing strategy,) A 

. ■ . \. . -• 

baseline concept map was constructed from the paragraph. The ftmction of 

:this baseline Aiap and all the other paragraphs that were used, in this phase 

of the.evaluatA'on, was to provide a^terstick to evaluate the students' , 

performances. This baseline map was not^an- "ideal map" (although we did 

\use that term for a time), but only provideds^ guideline for assessment. 



In fact, many of the maps constructed by the students reflected higher 
saoTBB on certain criteria than our own baseline maps represented, 

Wiat followi are the raiults from the series of clinical interviews 
and class activities involved with making concept maps from -selected 
paragraphs / . Each stction is introduced by the paragraph used, the baseline 
map for that paragraph, and the scoring for that basaline map according to 
the criteria given In Flpire V*2 on pag© 7 of this saction. Tables and 
graphs showing the mean percent-cf-basaline values for each paragraph are 
provided,^ as^ wall as frequency distributions* 

LIVING ORGmiSMB ALL NEED ENERGY, PLANTS AND ANIMALS USE ENERGY ^ 
FOR LIFE ACTIVITIES, SOME LIFE ACTIVITIES THAT BOTH PLANTS AND ^ 
ANIMALS HAVE ^E^, GROWTH, RSPROmCTXpN, RESPimTION, AND TRANSPORT 
OF MATERIALS. A %IFE ACTIVITY FOUND ONLY IN GRSEN .PLANTS IS THE 
PRObUCTICN .Of FOOD, MIMAIS CANNOT PRODUCE THEIR OWN FOODf SO 
THEY NEED THE LIFE ACTIVITY OF ^COMOflON TO FIND FOQD.^ 



Baseline Itapi 



ANIMALS 



LOCOMOTION^ 



GROWTH 



LIVING ORGANISMS, 




REPRODUCTION 



RESPIRATION 



PRODUCTION OF 
OOD 



.TRANSPORT OF 
MATERIALS 



Scoring: 

RelatlonsKips (R) ^ 14^ 

;v Hiarsrchy (H) - 3 

BranchiaWB): - 10 



General to Specific XG/S) - S 
Cross Links (CL) ^ - 4 
TOTAL (Tt) ' ■ * 36 



Figure y,4. Baselin- map for '^"Living Orgmisms" Paragraph. Trumansburg,- 
seventh grad©, November, 1979 and March, 1980. 



Tabl© V.l. RerGantag© scores for each criterion and total for concept maps 
preparad from Paragraph #1 in relation to the baseline scorei 
eitablished for that paragraph, (N - 72) For some criteria, the 
Dercentafe score ia .Jireater .Jhan 100%. /This ^ia due to students 
scoring higher in those criteria than our own baseline map. 



CRITERIA 



MEAN 



Percent Relatlonshipi £R) 69*69 

Percent Hierarchy (H) ' 120.26 

Pe'rcent Brknching (B) ^ 47,64 

Precent General to « 

Spaci^c (G/S) ^^ - 

Percent Cross Links CCL) 11,11 

Percent Total (Tt] 63*13 




5 



Figure V.5\ Percentage Scores for each criteria [R.- relationsftps; 

H = hierarchy J t^B.i^^^^^ G/S = general i:o specific | 

- CL = cross links}' -tod total score . (It) for ^^^^^^ 
. ' . ; prepared from- Paragraph #1, Percentage score in relation 
1-.. , to baseline concept map for th^% pti^raph* 
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20-, 



.10-. 





3 



^-9^0-i¥^0-29^30|M^5|d^P fOO- 110- 

- *a ~ * ' "1 00 ■ 1 2ri 

^ Parcent ^o£ Total ^cora of Concept Map3 "^^^ 

Figwe / Frsquancy distribution for total percentage. o£ cohcapt maps preparad 
from Paragraph #1 in relation to basaline napp (N - 72) 



Paragraph #2 



THE CEI^t, IB THE BASIC UNIT OF A PLANT. XT IS BVmOVNpSD BY A CEpL 
^ MEMBRANE AND A CEU. WALL. THE CELL MEMBEMiE LIMITS THE SI2E OF THE 
" CJ^mD AUOm ONLY CERTAIN TMINdB TO ENTER OE LEAVE THE CELL, THE 
CEM, WALL GIVEB BmPE TO^ THE P^NT. THE CYTOPLASM OF THE CELL CON^ 
. TAINB THB CEI^ PARTS l^ICH INCLUm MITOCH AND 

CHLOmPLABTS]:^ THE NUC^UB^ WftTCff IS NOT IN THE CYmPLASM, CONTAINB 
^ GENETIC MATm^^. ' ^ 7; ' ^ 



■ v-i4 



Baseline Map^ 




CELL MEMBRANE 
- THINGS SIZE 




CELL WALL 



LEAVE 




BASIC UNIT 

V 

■PLMT „ ' 



NUCLEUS 




I- • \ 

CELL PARTS ' GENETIC 

irN^^ Materials 



CHLORpPLASTS MITOCHONDRIA VACUOLES 



Scoring: 

Relationihips (R) - 17 

Hierarchy (H) - 3 

Branching (B) - 10 



General to Specific (G/S) ' - S 

V - 36 



Cross Links {CV) 
Total Score (Tt) 



Figure V.7. Baseline Map. for ;'Cell" paragrap 
Jinuary, 1980 and May, 1980. 



h". Vestal, seventh grade, a 



Table V.2. Percentage. sc,or*s for each criterion and total for concept' maps 
' prepared from Paragraph *2 in relation to the baseline scores 
'. , established for that paragraph. (N = 67) - ^ ^ 



CRITERIA i 


— . — 

MEAN, 

vt%v- 




Percertit Relationships (R) 


33.91 • 




-paMent Hierarchy (H) 


91,04 




Percent Branching (B) \ 


27.31. 


« 


Percent General to 

Specific (G/S)- ^ ^ 


SS.82 




Percent Cross Linlis iCty 


... i.4? 





Percen| Tot^l (Tt) 



36,37 



XT 




If 



MiMlS ALL HAVS SYSTEMS. HIGHER ANIMALS AND LOWER ANIMALS USE ^ 
SYSTEMS^:^ m^ SOME LIFE ACTIVITIES THAT ' 

SOTSkHIGMSR AND LOWER ORGANISMS HAVE ARE RESPIRATION, CIRCULA- 
TXtiN^'mrD 'DIGESTION. A SYSTEM FOUND ONLY IN ; HIGHER ANIMALS IS 
AN INTERNAL SKELETAL SYSTEM LOWER ANIMALS DO NOT HAVE .BONES. 



Baseline Map: 



INTERNAL 
SKELETAL 
,r SYSTEM 




MIMALS 



SYSTEMS 




RESPIMTION 



LIFE ACTIVITIES 
CIRCULATION 



BONES 



DIGESTION 



Scoring: 

Relationships (R) - H 

^Hierarchy (H) ^ 3 

-Brahehing (B) ^ 7 



Gtneral to- Spaaific (G/S) — S 
Cross links (CL) ,. i - .2 ^^^^^^^^^^^^^^^^^^^ r 
Total CTt] - ^ V ' > 28 * 

. . 'J ■ 

Figure V.XO, Basaline map for "Animals" paragraplT with scoring according to 
comprehensiv© form! for assessing constTO concept maps * 



Tnijnansburg, stvsnth grade, April', 1980, 




MEAN 



.. M 



.Percent Cross Links CCLj 



80,2^ 

ios.ss 

71.75 



81.11^ 



22.22 



ERIC 






„ , . . , 

;j->--?v.u- .r^^^'^v.^-.V V ^ - \H 

- Figure V.12- Fra^u'ancy distribution for total parcentage ox cqneapt maps prepares 
from Paragraph ^3 in relation to baseline map* (N =^ 36) 



- 1. - -;'<.JlRai2®OTi?rJU/|fSi TSR^gi«jiSJ'Ofl*PAHr.'' ' """" 



SPXffili CORD 




J, mica/iB. NOT PART^, oF'TBE^'maniT^ -T^'. 




ERIC 





MEMBRANES 

I'- .n;||/- 
- SHOCK 

NOURISIWENT 




FORBBRAIN MIDBRAIN HINDBRAINfti 



Scoring: 

Relationships (R) - 13 

Hierarchy (H) - 2 

Branching (B) - 7' 

Figure V.13 



General to Spaelfic CG/S) - 5 
Cross Links (Ch) - 1 

Totml Score CTt) ^ - 28 



Baselina map for "Brain" paragraph with scoring aeqord to 
conrprehensive form for assessing constructed ebheept mips. 
Vestal, seventh grade ^_Jfe]^__tiifl^-____^_„ 



Table V.4. 



Percentage scores for each criterion 'and total for conce maps 
prepared from PaS^agraph #4 in relation to the baseline scores 
established for that paragraphs. :f:;CN f^ 






.CRITERIA 


• MEAN " 




Percent Relationships (R) 


50.59 




Percent Hierarchy (H) 


50.46 




Percent Branching CB) 


42,69 




Percent ■ General to . 
Specific CG/S) 


76.67 




. Percent Cross Links CCL) 


3.70 




Percent Total CTt) 


ss.'ao. 









ERIC 



45 




'kzL MOLECOLWS 'HAVE KINETIC * ENERGY CAUBEfi BY THEIB MOTION. THE AVERAGE 
SPEED OF THE MOLECULES IN A^ PIECE OF MATTER. DE%EBMINES ITS TEMPEmTURE * 
THE FASTER THE AVERAGE SPEED OF THE MOLECV^S IN A PIECE OF MATVERy THE 
HIGHER THE TEMPERATURE, THE MLOmR THE A^MGE SPEED OF THE MOLECULES 
IN A PIECE OF mTTERr THE WmR THE TEMPERATURE , HOT J^ATER MOIJSCUI£S , 
HAVE A FABTER A^mmGE SPEED THM COLD WATER MOLECULES* 



Baseline Map': 



MOLECULES 



KINETIC ENERGY 



AVERAGE; SPEED 

•I 

TEMPERATURE 



FAST 




HIGH 




HOT WATER 



Scoring: 

Relationshipi (R) 
Hierarchy CHJ \ 
Branching CB) . 



12 
3 
14 



General to Spicific (G/S) - S 
Cross Links (CL) - 2 

Total Score CTt) - 36 



Figure V.16, 



Baseline map for ••Kinetic Energy" paragraph with scoring according 
to cooprehensive for assessing constructed concept maps. Vestal, , 
ei|htJi grade, January 1980 and May, 1980. - ; 



Table' V^S, Percentage scores for each criterion and total for concept maps 
< \ prepared from Paragraph ^5 in relation to the baseline scores-^ ; 

' , established for that paragraph. - 58) 



"4 



MEAN 

CRITERIA * 



Percent R©lationships CR) * 32. 71 

Percent Hierarchy m ^8.48 

Percent Branching CBD • 10. 24 

Percent . General to 66.21 

'Specific CG/S) ' 

Percent Crosr Links iCL) 4.31 



Percent Total (TtD 



30.05 



'Paragraph #6: . «^ 

\ f , CMMkawn OBJECTS have static electricity CAUSEh AS SUBTACES JU^ MOVED ' r/:- 

AP^T. CHARGE IS DETERMINED BY ^ THE BALANCE f OF POSITIVE AND NEGATIVE ;*^r^ 

is^Nm^IVBLY C^G^ ^IF^^^THERE AR MORS eOSITIV^^^TmN' NEGATIVE 
CHAMGEB^-^ THE^^ OBJECT^ IS POSITIVELY CHARGED . SOMETiimSfmEN^ Tf^ SUR^ ^ , . ; 
FACSS'fME.^^^ ONE SURFACE IS POSITIVE AND ISe' OTHER IS., / 

NEG^T^^ '^FOR^E^U^LE, A COMB SURFACE HAS A POSITIVE CHARGE WHEN IT ^ ' 
IS MOVED AWAY FROM THE MORE NEGATIVELY CHARGED HAIR SURFACE. f 



Baseline Map 



STATIC ELECTRICITY 



CHARGED OBJECTS 




MORI + 



POSITIVE C+) 
CHARGE 



SEPARATION OF 
SURFACES 



Scoring: ... 

Relationships (R) - 9 General:. to Specific CG/S] - S 

Hierarchy (H) - 4 Crosss Links CCL) - ^2 

Branching (B) - 7 :total Score CTt) -27 

Figure V, 19. Baseline map for "Sta.tic Electricity" paragraph. Vestal, 
. eighth grade. May, 1980. ■ ■ 



Table V. 6. Percentage jcores for each criterion and total for concept maps 
prepaTed from Paragraph #6 in relation to the baseline scores 
established for that paragraph, = 44) 



CRITERIA 



MEAN 



Percent Relationships (R) 


64. 


2S 


Percent Hierarchy CH) t 


95. 


50 


Percent Branching CB) • 


34. 


89 


Percent General to 
Specific CG/S3 


80. 


00 


Percent Cross Links , (Ch") 


3. 


41 





higure V.20 Perc ant; scores^ for t©ach criterion (see Figure V.S for symbol 

codesOrand^ntQtal scores (Tt) for concept maps prepared from 
, Paragraphf,#6^> Percentp^ge score m relation to baseline con- 

cept-map for that paragraph. 



Although a con^rehanalve statistical analysis of the data is 
raseryfd for Section IX, some preliminary remarks are in order at 
tHis State of the report, 

. <? 

At first glance, it can be noted. that students' perforaances on. 
some paragraphi were better than on others. This Is due, in large / 
part, to the groups of students that we were testing. For instance,' 
Paragraph #1 was administered to the Trumansburg group who had received , 
extensive training in the 'use of concept maps. Generally, their 
scores are higher than the Vestal\studehts CParagraph'#2 for seventh 
grade. Paragraph #S for the eighth grade). As was mentioned earlier, 
the Vestal teachers began to use our ^strategies' coiiparatively late • 
in the year . CNoveraber-December,a97.9) while the Truman 

began at tha Start of ^tha^ a^^ ^ 

C6mparison of Figures V^^.e ahd V.9 illustrates another point about the 
role of instruction in the use of the concept mapping strategy.' Very £ e\? ; v 
students from the Trumansbu^,, tro^ (as represented by Figure V. 6)' received 
a score of -zero thrdugh nine for their total score; Generally, students 
received tha^ score if they did not explicitly identify the relationship 
between tv^/concepts connected by lines. This exercise was considered 
.very in^ortant in Trtunansburg, but less so in Vestal. Thus, the high 
incidence of lero to nine scores CFigure V,9) illustrates the .difference 
in instruction ^and enphasis. ■ 

Generally, the criterion of hierarchy faired better than any of the 
-Other, criteria, for. assessing concept maps. Since hierarchy is a fundamental 



element o£ concept map, and was stressed by all the teachers in the study, the 
-students faired" better on that Qrlterion than all the others. 

■ CiTOSs links, the establishement of interrelationships among concepts on a 
conc.ept.map, was not stressed Muring instruction of the concept mapping strategy. 
Thus,' the scores for this criterion are generally low^ Further, the, baseline 
concept maps rarely contained more thaai one or two. of -these cross links. The 
opportunity to illustrate one by the student was limited to a kind of "all or 
nothing" situation. 




As part of the^ cliniqal interview conducted with students during 1979,-^1*9,80 
intarviewaes were asked to diacuss the structurt of thtir concept maps. THtq 
probingj %ha ifttervieWart were able to solicit aome information regarding -tfiS"^ ^ 
studTOts'.^understanding 6f the conce^ mapping itrategy. During these tntsj^^^^ 
their jattitudeS about thi^strattgy wera also soldcitad. However, these remark^^j 
-ara^rapojjtad injtha sactiop on attitudes CSection yill). ■ 



Another fsour^^or th^\. following comment s came from several 



more informal interviews conducted with groups^ of students* These interviews 



were conducted during the last par^t of the project (March-April, 1980) a'ftein, 
'the students had had almost a full year oi exposure to the strategies. '* y 
^ Several -_ areas were- probed and they w^ll be described prior to each set; 



of exce:^ts. The interviawer'Si" questions are in, ^ caps; interviewee ' s resp9.ii2lt^fr^ 
we in lower o&se.- If mqre than one student is answering the same' questioni'^ 
the tdifferetit responses, are separated by a space between -the responses. 

WmT IB A CQNCBPT MAP? r^f^ 
It givms infomnrntlon frMt ^whrnt wm rmad, llkm It Jm^.^ it'm [an] or^mnitmd 

■ \^ , , , - :-■ " ^ ./w ' v| 

of wntxng^:Lt out , . . ■ ■ ■ ^ - 

-^^11/ it-# a niap si^^ar^ you }mvm msmt of thm important fmatM of a pMr^graph,^oi^ 
whatmvet you jumt rmadf mnd you m^m a imp out of them to hmlp you under s tan 

Likm m ahmri Of what ^you've rmad* J ' ' 



P^T IS A aONCWPT MJ^, iN^muE om.mRDS? 

it'm a way of hmlping you undmr&iand wh&t yow'^yrp bmen rmmding, or 
studying. It [an] maMimr way instmad oi rm&ding* ' 

YOU DON' T HAVE TO READ ^IF YOU USE CONCEPT MmS? ^ 

Oh, you havm to rmMd, but It maJ^mm^ thm rBading more intmrm&ting, 'oause yoii'vm 
got to Imo^ ^^^hm^ you'ra rmadir^:^^o tmd^ So it's masier to f^^^ji 

andmrmtand thm lahm if you do ^a^aonaept map aftmr bnm, 

WHAT IS. A CONCEPT MAP? . 

Mmrd ^orkl^ 



^:/: V-29 . . ■ 

Each of thtst excerpti seem to indicate that the interviswees had some 
difficulty intei^^eting the question asked. All seem to have some idea of what 
: - a concept map is, but find It difficult to articulate its purpose, In regard 
; . • to the responses relating concept mf-ps and laboratory exercises, the teacher ^ 
: ;'o£ that student often had the students construct concept maps prior to or 
-4 • ' immediately after doing a laboratdry ej^eriment. The concept map then became 

1'"".; _ . ... ■■: - . \ - - ' ^ • , 

.the left-hand side of the "V". ' 
; In the next question, relating to structure, the problem of vagueness 

in the mswars^ seems to disappear, Th^ are more on target when it comes 
E ' to describing the structi^e of a concept map* - T^e first student draws upon 

if the analogy to describe a concept map. / 

rn^s:- - . - '■• ■ _ " ■ . , ■" • ■ ^ ' ■. ' - 

3g? ^' ' ^ ' ■ 

|;ffc" HOW muw YOU DEB^iBi A mmEm mp? 

ic " It's mart df jumt a pyrmld and with thingm branahlng off from onm.Mrwthmr, ^ 

i: ;i PYB^ID MM A l^NP OF POINT AT THE TOP * . . IB mEBE A POINT Af THE TOP OF 

- A CONCEPT MAP? -^^ s^ 

- ' Nop rfimllyy but thm mmjd^v ^he mmt gmnenl thing is on ttae tap and thm worm ^. 

ijSI _ speaifla tMngm prmmking damin 

As this Student indicates ^ the children in our study all seem to know 
ii^^ the ral¥ for hierarchy>and general to specific. The. pyramid user above md 

US-. -V-:. ' . - ^ ■ ■ ; ^ ■ ■ -^^ ^ 

Piiip.\ the next int^rvi-ewee reflect this. 



^/mw:_W YOU MAim^ A: [CON MAP? ; . . ^ _ ^ 

iSIPMS^TSuidividing iAe subject in f to J smaller groups until you gat toi 

, Jt£Sl5Si^aiStI group. ^ ' * 

"^l^^raffi^iOfiyO&E^^ GROUPS"?. ; ... ^ ^- - . _ , 



i^^S^|Sfi&^ which is, the proimble reason Jar ^thls .respon&e.J: 




....M^^^J^''''' ^^^e^one subject you'd get somethingm thit'm different in 
^^^M'rt'Sh^B or size. [Students were involved with alassification of shapes 



^,1 



V-30 



Related to the structure of the concept map, we wanted to determine if 
the students understood the function of the lines between the represented 
eonceptis* Here are sonie reBponies from intarvlewi that have asked for , the 
fimetiofi of the linei and what ,theK. represent, 

ABS^THE^ THINGS THAT HOm Tm PymMID OF THE CONCEPT MAP TOGETHER? 
I don-t know jumt llnmrn* 
miAT DO THE LINES DOP^ 

mil, thm^join — thmy aonnmot ... aonnmat the two idmam togmthmr, 

WHY DO YOU HAVE A LINE BETmSN ' "KINETIC ENERGY" AND "AmRAGE SPEED OF ^ 
MOZ^CULES"? 

Thmt'B what ■ thmt's whmt it im. ThMt' & what it ^ans. 

DO YpU E^R miTE ON THE LINES? ' / 

itmmh. [Btudmnt thmn writes "is," on thm line; bmtwmmn tWQ aonamptM.] 

WHAT DO THESE DO.-- THE I^NES?^ 

Thmy aormmat it with thm xmportant [mnGmptB] , . . likm "kinmtia Snmrgy" 
bmm to do with "molmaulmm/' mo that aonnmots wim tlmt. 

WHAT'.S THE PUBPOSE OF THE LINES? - . ^-^ 

'aiiBm if you just put "plantB" and "miiiAalB" and mtuak thmi right undmrnmath 
"lining organi&ms" and "mnmrgy'* you would nmvmr know what thm wholm thing 
was about, r 

mAT GOES INTO MAKING A CONCEPT MAP? 

Youmakm up ^t thm top ... you put thm ^ in idea of thm ah^tmr and. liJ^, ^ 
iay it was "molaaulmmlL^r-^BQ^thingy^Mnd thm^ yourd writm downy likm, what gomm 
into making morm^lmB and bs^oh off. ^ Likm a rtrmm. . * . roQtB. 
WHEN YOU SAY ''BRANCH OFF," mAj^ AM THOSE -BRANCBES? A ' ' 
Thmy ihow rBlationmhlpB ... bmWmmn thmn. ^ . 
BETWEEN ^AT?^ 

Betwemn two ^ ^ conamptM * [ ^ • ; . ^ ^ 



• . These next several excerpts are from our attempt to probe whether the / 
students couXd use. or had used, the st*ategy o£ concept mapping in some otheg 
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, itudents* parcfption of using concipt mapping in other classes, 

HAVE YOU EVER TRIED USING COtiCEPT MOPING IN SOME OTHER CLASS r OTHER THAN 
^aiENCE? ' 

^bt rmmlly* I hmvan't remlly taught mbout itL 

DO YOU THINK IT mULD WORK IN SOME OTHER CIASS? ' ^ 

YmMh. It would work in m lot of alMMm&M* . 

Uk&, okmy, work in likm mAth, , You Mvm a lot of Btmpm to Immrn mnd it would 
imlp to remes^mr hmsia mtmps and mil that mtuff* Vork in Enwli^h 'omuBm yoa 
qot stuff likm your npjms^ pronoimB , mnd stuftm Zflt's mmm, what mlmm? SooImI 
studies 'amiiBB you got Mil thomm d^tms to rmmmnbmr, 

AlthougH thig next student has ,quitt-:a diffartnt philosophy of raathairtatics 
than most students, th# racuwthg theme that concept maps show ralatidnships 
among ideas is vary avident- 

DO YOU THINK IT [CONCEPT MOPING] COULD BE USED IN ANY OTHER WAYS BESIDES WAT 
WU ARE DOING NOW? , , . 

In somm alms$mB^ ymmh*^ tdkm.Boaimi BtudiBB^ or^ I don't think it gould be ^ 
ummd In math ^ [ 

^Wimr MA^S MATH m PIFFBMBNT? , . ^■ 

Wmll, I gumsB rmlmtionmhipB You JmoWf [it J doesn't tmkm muah tg^fifurm out 
two plus two* . / 

WHAT WOULD MflJC^^ SOCIAL STUDIES MORE PRONE TO USING^ MAPPING? — . . ^ ' . 

Wmllf Bay WB wmrm mtudying Bpmmthing likm thm .B^^^mmfket^ Whiah wm arm* Ymmh 
You aould mmkB a map of that, likm^ "Btook marJimt'* -ind ,whmt gomm into it, likm^ 
"BtoakB* " Umm it to mxplain oorportation* AlM ttik^diffarmnt thingm that go 
into making thM t . * * , You ' d see tiie rmlationmhip^ bmtwamn thmm mlot hmttmr .^ _ . 



,: In addition to datarmining what students thought .of ^ concept mapping, and 
how thay would usa tha strata gy, we also sought reactions of the teachers 
irivolvad with the project- These teachers were^nterviewed in ; informal 



ssssionsT^^ttheiin their homes or in school after classes were finished for 
the day- ' This was dnni^^^^^^lr^^^ ^ ^^^^ Tt^Y^^mA atmogph^re with no othef 



pressures br distractions inrpftslng on the intarviaw. 

Although savaral araa^ Impl^ftentationj use, Md philosophy bahind the 
conGapt mapping and ^^V" strategies were diicussedi only tha former is reported 
hare. Impressions on tha ''V stratagy are reported in the next lection* 
Othar comments, ragardlng othar facets of the project, ara reported in 
appropriate sactibns. of this raport* 

In this sarias of quastlons, teachars ware asked to discuss if concapt 
jnapping had any advantages and disadVMtages, how difficult it was to 
Implemant the strategy 4nto thair classroom curriculum/ and whathar they 
saw any dmprov affiant in s^tudants* ability to usa tha strategy* 



miAT DO YOU^ FSSL ME THE WyMiTAGSS OF USim COmSPT MAPPING? ^ , 

With the aQnampt ^pping^ it kind af 'hmlfl thm kidm rmsponBiblm tar amrtmiri 
mambulmry. They mil of m Buddmn knmw tlmt they wmrm looking up wordm, not 
only mm M dBfinitionf but to mhow [thm] rmlmtionshipM bmtifmmn wordm thmt 
tiimy mlrmmdy knmw^ , 

they CMn eieplmln .haw a aQUplm of wordm mrm rmlmied Md thmn, not only' do 
X Jmow thmt thmy know thm mmmning' of tAat wordf but thmy mlmo know ^ thm' memning 
of two othmr wordMf or mt Immmt onm othmr m^rd* 

To hmvm thmn do m parMgrmph and to mmkm M aonampt mmp, to mm, im m lot mmsimr 
and a lot more mnjoyablm thm rmmdlng m pmgm full of drnfinltionB, bmomuBm 
you' rm already ^Uying to fxguim out why thmy -rm doing it. For the ^dm, thmr^'s 
a amrtain pmramntmgm of thmm that mtlll find them vmry hmrd, and it^mlght be 
bmaaumm thmlr vooabulary is jumt vmry wmak, ^ Hm might bm frustrmtmd^ but I , 
don- t think thmt^ m a )diBmdvmntagm* . 

I just Btartmd tutoring fa girl] v I'm <umlng^ thm aonompt tmp for h^ a -study ^ 
mk£ll bmaauBB Mhm fli^B voaa prmtty mm&y^ bat shm dom&n't go bmyond^thmt^^, 

ShB'oan^t rmlatm anything to anything^ So wm took a parmgrmph in a maimnom 
book, ^."wm took m aoizplm of .^gmm motually In a soimnom book, and : I told herky _ 
; I'^Wiv sirftat^ you smm tlmm and tirta^^nd. tijro aga^ih. in 

your readizSg?" wir^kdm a,jaQnampt. niap^. f^ and mvmntually wm got Mmr to # 

undMBtand- motion and & and tlmm, and how to graph v*^ . 

-aiot of students at thm lower levml oan eithmr not rma3 [a paragraph] , and -- 
gmt absolutely ho rmlation^ in a pmragrmph^ , ^[ConcBpt 

mapping] tends to make thmm look for relationships p mvmn if thmy don' t really ^ 
wdmrstand the idma of aonampt mapping. 



It ^uld bm mn mdvantmgm foff m*,,, Thm fiMt fBW wm did, I lookmd ovmr mnd 
got Bomm idmAm Of whAt the rml^tlanmhipB thmt the kidm da smm are, 

Wmllg fiXBt of mil, to gkt thm kidm to think m^ut whmt they -re raad,,,* That 
Imtm thmn plak up wlmt thmy tmml are thm mmin idmmM, sr thm nmin aonamptB, It 
ImtB tie tiie amamptm togmthmr , 

Thmy likm to do oona^pt mmppihg^^^^ - '- a 

Timing thingB togmthmr, smming Aoi^ tliey relate to each othmr, momt importMntly^ 
But if thmy hMvm fun doing it, thmt*m good too. 



WHAT AME THE mBRDVMNTAGEB OF CONCEPT MAPPING? 

[IJf it hmoomms busywork whmrm thmy hAvm to rmmd fivm pages mnd smkm m amompt 
mmp, whmn thmy aould [jumtj rmmd thm flvm paLgmm mnd piak up most of it* I 
think if yoQ umm it aarrmatly, it m good tool^ I don't think you hrnvm to 
aonompt mMp mvmxy thing m I think you h^vm to bm Bommwhrnt BmlmotivB* 

I think It Bhould bm ummd mt thm tmmohmr^B disa^mtion, khd whmn nmmdmd^ not 
o'^mrdon^m whmrm thm ^dB tl^nk of it mm bumymrk mnd jtiMt Bommthing thm 
tmmahmr im waking thmm witm out mnd hand in. 



Mm. DIFFimLT WAS IT FOR YOU TO IMPLEMENT CONCSPT MAPPING INTO YOUR 
CtmRICUWM? . 

At first, I hmd m rmal h^d timm finding a pmimgraph or two that would bm' 
approprimtm for it* So I wmnt through mlot of pmrmgrmphs mnd I rmmlimmd thmt 
I aouldn- 1 mvmn mmkm m aonomp^^mp out of them,,,^ Thmrm^B mlot of dmfiaimnalm 
in thm tmxt* ; y 

And I think ^mt*s mlso^ sommthing tftat my teacher going to hrnvm to bm 
willing to taJta* the tijne to find out for thmmsm^vms* Bmform you givm thm 
aonompt mmp msBlgnmmnt, r^atf ovmr thm pmrMgraph mnd nmkm surm thmt you amn 
^aomm up with BO^^u^, strlatly from timt mvmn thm wmmkmst 

kid aould p^ll ihformmtion togmthmr, 

I think I would Mvm to bmaomm mlot more aomfdrtm^blm in mysmlf [mbout 
conampt mmppii^} . I don^t taiow why, not nfrmid, but m littlm bit hmsitant , / 
to rBMlly gmt into thmm, bmamuBm I'm not thmt good mnd aomfortmblm with 
[thmstrmtmgyjm 

... J tMnk thmt aonampt mmpping is a Mrd thing to tmmah kids, I rmally do* 
At this mgm mBprnaiAlly, Whmn thmy arm sort of smt in how thmy rmmd sommthing 
and how thmy go about ImMrning it, or outlinitig it, ^ , , i think it is diffi^ 
'cult to tmmah thmn, 

SommtimmB, whmn I'll look mt m aonampt mmp [thmt m studmnt hMB donmj , and 
I'll want to ahangm 1€, I'll w^t to draw it the way I fmml it should bm , 
donm. [But] if I go to thm ahild md say, *'Cmn you mxplmin why you did tMs 
and: this and this?" If thmy amn, okmyr if thmy aan't, thmn I'll ask tiaam ^ ^ 
''Why thmy did it that way, azid wouldn't it bm bmttmr if, and dams that mmkm '| 
jnore smnsm?" 
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aat^ YOU SEEN STUDENTS GETTING BETTSR AT MAKING AND USING CONCEPT HAPS? \ 
Yms, I'VB seen an ImprovemenC. A lot of. kids don't havm thm rmml idms. Alot 
Qf them are just putUm thm titlm as they rmmd, as they come across topics, 
thmy urill put them down. But mven tAat helps if they are drmwing linms, 
Thmir reading assignments' arm detter. Espmclally when I havm thmm io a concept 
map of what ihmg're read. If I give thma dmflnltlons to do from a rmading 
aMMignment, and thma I give them a concept map to do on tftat reading assignment, 
they almym can rmmm^r what thmy read and tie it to thm other [parts] tetter 
whmn they've done a conempt map, , 



Caveat i fo^ Using agd implemetitlng Concept Mapping ; 

The following are provided in this repbrt so that any atten^t to rtpllQat& 
this project may not 'fall prey to the same raistakes that we had/ encoimtered , 
while trying to iteplement these / ^ 

1. Using the criteria for assessing concept maps CV^9) , the teacher should | 
Identify for the students the major elements which characterite a concept 
map. While thfe'ceacher may opt to use the less rigorous form of evalua- 
tion Ciae Appendix t J page V-3) o£ the concept maps, these characteristics 
still should be taught to the studeiits. 

2. Have students Identify the major ,concep.t md somehow distinguish that 
concept from all'the other concepts represented on the map. TTie students ; 
could wiite that concept in capital letters, put a double circle around - 
it. or write in different colors. The reason for this recomendatlon is to 

■ specify for the students and teacher which concept, in the students' minds.. 
...is the most general, most Inclusive of the concepts represented. 

3. Not all reading materials are candidates for concept maps. Often, we 

. , have foiml^text descriptions inadequate in their relationships among : ' ' 
concepts, and/or their ability to show a hierarchical arrangement. There- J 
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fore, the tiacher should prepare concapt maps of any material prior 
to assigning the taik to the itudents. This way, the teacher can use 
tha concept map as a ma^s of Judging the general worth of the reading 
in tha text and its capacity to be concapt mapped, 
4* Taachars should itress tha integrative aspecti of concept mapping* 

That ii, the concapt map represents the relationships of meanings among 
concepts. We did not find teachars placing sufficiant stress on 
this idaa. We faal that if ^this was dona more regularly* the power of 
the concept making strategy, would increase for tha teacher* and thus 
for the student* 

Consistency in Concapt Map Scoring i 

Wa have yiotad, earlier that scoring proceduras for concept maps have 
undargone continuous revision* As wa continue to use concapt maps in 
teaching and resaarch, naw forms of scoring keys will undoubtedly result; 
and we would encouraga continued' exploration of altamative scoring pro- 
cedures; For the ptHfposas of SOTBnatlva eyaluation, however* It was neces- 
sa^ to settle on a map scoring procadure and to apply it with the various 
classes invplved in our study* -The key shown in Fipire V.S.of this report 
was used for all tha concapt map scores givan In this raport. To test 
the consistanpy with vfhlch different persons rate the swie concapt maps, 
five rat ars scored elghtaan different concapt maps applying the criteria 
established, , ' ' _ 

Table V. 7 shows the mean map scores computed for each of tha fiye 
raters and describes the. raters' relevant e^^erience with the project-. 
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Mean icotas raiiged from 17*S0 to 18,67, An analysis-of variance was ' 
aoa^utad as shown in Table V,8. Although there was significant variation 
in scores on concept maps should be ejected since these were done 
by different students md for different subject areas), there was no 
significant viriation in raters' scores for the same maps (P ^ 1*20* 
P>0,32):. These data indicate that concept map ratings are relatively 
constant from rater to rater^ assuming the raters are fmiiliar with the 
strategy of concept mapping* . , 



Table y,7. Raters, their relevant experleftces, md the mean of the 

total scores for the eighteen concept maps they avaluatedi 

^ " Mean of Total Scores 

Rater and E^arience * ^ s 

^ f 18 concept maps) 

tl - involved in project for two years \ 18.06 

^ #2 - graduate student not involved with 
a' project; familiar with concept ; 18,67 

mapping and the "V" 

#3 - involved in project for eighteen la 
months 

. #4 - not involved with project i graduate 

student consul tmt from another ^miver^ 17.50 
sity other than Cornell j 

#5 - involved with projedt for one year; y ,^ 

teacher working part time on the project \18sS0 
as staff member \ 
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Table V.8 Two Way analysis of variance CANOVA) on rater and concept map. 



Sourc© 



Sim of the Squares Mean Square 



Model 21 
Error 68 
Corrected Total 89 



Rater 4 
Concept Map i 17 



629.7333 
29i.55SS 
925.2883 



29.9873 
4 . 3464 



6.90 



,001 



20.8444 
608.8883 



1.20 , .32 
8.24 .001 



ERIC 



VI. THE EPISTEMOLOGICAL (KNOWLEDGE) "v" ^ 

TTia EvoLution of the Epistemological (Ihowladge) "V" for the Project : 

It Has alrMdy baen mentioned that the apistemological "V" has bean invented 
to show the activa interplay between the eonceptual struoture of a discipline 
and the methodology employed by that discipline in some inquiry. At the ^ 
point qf the are the events and objects which become the foci of the 
Inquiry, As we progress up from the everits and objects on the left-hand side, 
our Qonceptualizat ions become , broader and more enconpasslng. As we process 
up the right-hand side to the claims of our inquiry, our methodology becomes 
further reMved from the actual events of the inquiry and involve greater' 
manipulation of the ^records of those .^events. 

The original Gowin'^ opistemQloglcal "V* is represented below in FigurW 
VI. I t^on inspection, it can be noticed that this "V"^is more comprehensive 
than the 9ne presented tb our students in the "Learning How to Learn" Project, 
There were several reasoni for this, and each will be diicussed individually. 



CONCEPTUAL 
SIDE 

WORLD VIEW 

PHILOSOPHY 

THEORY 

TELLING QUESTIONS 

CONCEPTUAL SYSTE 
CONCEPTS 




METHODOLOGI 
• SIDE 



KNOWLEDGE, 

CLAIMS^ 
. . - VALUf ^ 

GENERALIZATIONS- 



TRANSFORMATIONS 
RECORDS 

ECTS 



: ; ; V ■ ' EVENTS^ 

Figure vivl; The Original to^ "V" ihowing the role o£ 

. ■ .1 in an inquiry. ■ .' 
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First, the left-hwid side contained more terms - world view, philosophy, 
theory, telling questions, conceptual systems, concepts than we were prepared 
to introduce to junior high students. 1% was felt that the use of only four 
of these terms with the exclusioi. of "world view" and "philosophy" would be 
appropriate for the jimlor high level. Since these students were rarely. If ever, 
\xpoBmi to an examination of several philosophical perspectives of science or 
to .met^hysical prinaples that form the bases of world views, these aspects of 
the "V" wara eliminated, • - 

"Tailing quastion" ^lio posad-a problam, Gowin (in prass) definas^ a telling 
question in science as "posing a causal connection" within some phenomena of ^ 
interest. To ask, and to wiswer. a telling question requires an elaborate 
eoncept^al framework to guide inquiries and to set those Inquiries within the 
context' of some field of study. Now, since junior high students do not encoimter, 
such far-reaching questions, and do not delve deeply within the conceptual 
frameworkofthesclentificdiscipllnes, the use of "telling q^^^^ 
considered .inappropriate to our needs for the project. For some time, the 
staff Mnsidered several other teriis to Wentify; the l^nd of question that ; 
is^asked-m laboratory exercises at the junior high level. At first, we thought 
that the term "good question" might accommodate our needs since it could distin^ 
guish'between a questlon.^hat led to a con^rehensive inquiry and one that did not 
■ Ca "bad qt^stion"): However, this was discarded when we, realised thtt W use 
•the term V good" was value. lad«i,, and ^ay be inappropriate for a knowledge , :.: 

inquiry- ^ , 4 *^ - , 

■ ■ finally, the staff decided that "focus question" would be more specific, 
i„ identifying the , lunctlon of inquiry: Our early work with students, at. ; 
. . Boynton'.unior Hi^h School and" Landing" Middle School suggested that the questio,. 
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should focus upon the events. or objects that were to be observed in the 
inquiry, aaid also identify, either explicitly or implicitly , the concepts 
relevant to the laboratory exerciie. We found it helpfulj alsOj to move 
the fociis question from the left-hand side into the center of 'the "V" 
since it was "'central" to the inquiry and played a rale in tying together 
the conceptual and methodological elements of the invest igation- 

Another problem arose when considering the terms ''conceptual system" 
tod ''concepts*" In our early attempts in the Ithaca jimior high school^ 
we discovered that students had a great deal of difficulty distinguishing 
between the two% "Again, we tried several alternative terms, until we decided 
to adopt '-principles'' as the term that would occupy the space above concepts 
and below theory. As noted in the previous section, principles are proposi- 
tions composed of two or more concepts, although not all propositions are 
principles* , 

Three sources of principles were also identified. Principles could come 
from the prior knowledge claims of some previous inquiry C^n^irical principles) 
Principles coulfd also come from some theoretical model in the forai of proposi- 
tions Cthaoretical principles) * T^ese two types were grouped under the heading 
6£,"cbn0eptual principles J' The final type of principle was derived from the 
use of instrumental record-making devices that are used in the 

laboratory. These were called "methodology and they serve to 

^Ide record-making and r 

/tuming to the right-hand side of the "V", fewer modifications occurred 
as a result of our work lyith students and teachers. We felt that records 

........... ........ .... . ' : . ' - . . ' " i . - . ' ' 

and transfornation would suffice for the kinds of Investigations that students' 
•engaged in at the junior high-level although we did find evidence that students 
did have difficulty knowing where these two terms fit along the "V". 
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Ifader •'claims," we soon restricted ourselves to using only "knowledge 
claim." TTiere were two reasons for eliminating "value claims J' First, we 
were having (at that stage of the project) enough difficulty with teaching 
^ the "V^» to junior high students, and thought that the introduction of a new 
set of ideas needed to clarify the meaning of "vaiua cl^im" would only make 
matters more difficult. Second, md probably more important, at the ^ 
beginning of the projact there was a difipute about values .clarification j.n a 
school district nearby* Now, although we recognized that there was a vast ' 
difference between our definition of "value claim" «idvhow •'values clarifica 
tion" has been used (Raths, Hamin^ and Simon, 1966), we felt that there mig 
be some sort of backlash,^ a backlash that the project could ill -afford to ^ 
encounter. Thus, for political reasons, this aspect of the "V" was deleted* 
Considering in retrospect the In^prtMt aspects of value claims in 
the sciences — truth, elagance, practical application, and such — it 
is regretable ttat thii facet of. the project could not be puriued. It 
is encouraged that, now having a firm basis for implementing the Icnow- 
ledge in the classroom, this aspect of the "V" might be investigated 
m the future. It is considered an inportant and rich source of informa- 
tion about the sciences," though different than the content orientation 
that so often occupies teachers and students. , 

TTie terra "epistemology" was also dropped in favor d^he term "know- 
ledge."' Giving students and teachers sUch an imfamiliar work was not in 
keeping with the leamlng theory that^ formed the basis of the project. * 
The concept label was inhibitin^he learaing of the meaning of that 
^ncept. ^ . . ^ . \ 

Finally, although we found no problem with using "conceptual sid^'v and 
"methodological side," we offered the teachers the option of using the ''think 
ingfiide" and the "doing side," respectively. • Most teachers, though, used . 
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both .groups of terms concurrently. 

There wero no changes in the use o£ the terras "events" and "objects." 
Given all this,' the "fiiowledge 'V'" evolved into the following structure 
CFigure VI. 2). For a mora comprehensive description of each of these terms 
and their de'flnitions/ refer to Section IV in Appendix I. 



conceptual 
(thinkins) 

■ SIDE 



THEORY, 



PRINCIPLES 




methodological 
(doing) 

SIDE 



KNOWLEDGE CLAIMS 



transformations 



concepts 



RECORDS 



Figure VI. '2. 



E?ENTS/aBJECTS - ; 
The Knowledge "V". as e^ol^^e^ in the "Learning How. to ieam" Project ,^ 



Implementation , of the Kndwledge "V"' - 197S-19?9: ' ^ . 4 

— - -. " ■ ■ " . ■ ^ ^ ■- . f "^^^ , — - .^B^-'- 

' ■ . ' ' ■ _ - _ ^ ■ '■ ^ " ^ ■ '' ' * ■ ■ "."^■^ '■■.■<* 

Development of strategies for Introducing the knowledge "V" into the'^ 
Classroom proved' to be a foraidable task. Of eourse, our first contact with 
a school was dqiie through the Ithaca City Schools, where wff had one volunteer. ^^:!r^| 
taacher frdm Boyriton Junior High School. We were given permission to work 
with his class ^ but it was decided that at first we ^should begin to introduce 

. ■ '• .... - ^_«|, *1S 

. -■ ■ ■ ■ ,. ., . si '\SM. 

the terms H the "V" with especially cooperative students.. Thus; we asked , ^^l^ 

: " r % ... ■ . ' - , . ■ ^ i:...::::^^-! 

for volimteers to meet Vith us aft.er school at a time set aside for special-=^£7^ 
activities. o •. 




iinaMjgifQUp.^sessaQns:^^^ lasti,ng a periiod of fifteen = to :twenty^minutlii# 
^j^^j^^^^S^ij-.^^^^ did not.^nave^ enaugh time dufing^tKas;a;h^ 



gt^^^^JStfiB /'V,*' To facilitate its introduction worksheetij^'^'^^^^ 
laj^ftmff ,,r'were- di groups. Each 



of these 



l^^'ea,^lt?-ieiTii of the M^VJ^^^^^^^^^ the students to identify examples. 



^^^^^^^sh^ei f orrthe terra **obj.ect'' .is ^shown in Figure VI , 3 below. Similar 



^IworksK^^!^^^ around the "V»\ 



-cr™'our.p^?vlou».dl«cuiislon ofrtt^e^LMfRiR^ Model we dlacusued the V whi^h 
Veu see beloif, ,>Jew nev terms are' golnx to- fc« added nt thif tiwe. Wlfeh these 



l^'^nlw e«iW/we^iie^t'H^ glv ,.v«ry ^cf Ini te dcf Ini t lona . Iheamyetda, arf t everyday 

p^l^S^tliMVES^de^^^^ teV» ^"objeee".'^-' Heclei'tr 

f^Mm^W^^-^m-g^^^ Che V. ' An object l8 a thlni^ cha£ will brlag 

1:%^^^ '^1-. Theory \ ! y 



ehat ehls. cerra 
Co inlnd 'the 





^ Knovl edge -Cla ira 



|^^^#}f1^',*lf?^|^^./^^^^^ — your peniVHy noffc, this equal-am bfllanee. msr teacher s desk 

'-^ '..-^''^^W&L^-thae. are. NOT Objects — a noae, e^iual-afir. balance, a. teacher's desk. 

Ig^pS^'V^^'V''''^^^^ ^^^^^^^^ itlnU^es wr I te,.dovn*as^«aii3r objects as you-Can* Do not : . 

ff^]^J^f^l^A ' * " ^ WVepest objeccs^llkc^-W^dog; your dog, ete», or list proper ^ 




carafe. , . , .-...^ ...... 



14. 
15* 
16. 
17. 
18. 
19. 





After these initial trials with after-school groups y we found these 
'■"*"^f£;^TOfLClies. Inadequate 'for two reasons. First, the terms of the "V" were ^ '. 



■ 'being ipresented abstractly, i.e., out of context -to the subject matter that 
f^'':- - .the students were learning in class.' No relation to their classwork or an 

■ ..^inquiry was being established. Second, since the aftex^school sessions were 
;' ' on a. volunteer basis, not allj students ' showed up throu'ghout the entire group of 

lessons. Thus, a problem of ^continuity arose.- "We asked the teacher to allow 
:■' * us class time to introduce tlie VV" in its entirety /using a laboratory exercise. 

4. ' 'l. - 'I ' • ' ' ' ^ / 

' - ' involving, breathing and pulse rate (see page II-2 of this report). 
1^ The staff designed a "V" for .the exercise based on how it was presented m 
!■< 'v;', the text, and proceeded to lay It out for the students after the exercise", 



I 
I. 



was completed. Although ,this was more in keeping with the trend that was to 



If. develop 'over the rest of 'the, project, this .particular laboratory exercise wm.C"; 

^fc- ^seriously deficient in the conceptualizations about breathing and pulse rate. 
- ! ■ , / 

The students wondered why the large emphasis on the conceptual side o£ the "V" 

' . / ■ . 

!^'*.,H.when,-.£or.this exerdise, they recognized only/ a few concepts as relevant. 
'v'T-mw, this of course was not true: there are /a staggering number of concepts 
I involved in:the description of the breathing/pulse rate experiment, but most 
fi5 -.-.I ^students knew so few of them that the use o£ the ",V" seemed almost trivial. 
I^X*'. Through class discussions other concepts were introduced and a variety of 



laiowLedg©^ claims were constructed 



■?,^Part of. the difficulty ^fxperienced| was that the "pulse rate" exercise 



was. not written, to highlight tile relevant' concepts and principles of. the inquiry 
© ' €t^was decided that we should begin to design a laboratory exercise that wpiild/- 
^uieJessitate the inclusion of a nimiber of concepts, shown in relation to eaclf^ 



'wa^ sufficiently difficult to warrant close 







V/V exMiination of those concepts as precursors to the inquiry. We have 
' ;., r^:"fdmd .in .research studies with college students (Chan, 1980; Buchweitz, - ' 
t;. . .. .3 1981)'; that deficiencies in laboratory instructions lead to corresponding 
- ^ 'deficiencies in learning. Applying the '^V- ■^heuristic to analysis o£ 

^^alaboratory instructions cm detect deficiencies and can be used to- remedy 
the problems. . - . ' . - 

Ve proceeded - to design a /laboratory ej^erimerit uiing the concept of 

■ : digestion.. Since human digestion is difficult to examine in vivo ^ we planned 

'~ - - .... - . - ^ ^ ^ ■ ... — ... : ''■- 

ofx using an alternative. With the cooperation of the Cornell Food Science 



m 
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Department* we were able to obtain ssnroles of food from a slaughtered cow's 
alimentary canal. With these sables from the esophagus , first stomachy small 
intestine^ and large intestine, a lab exercise was desipied with the focus ^J^' 
question, ^'What happens to the starch in grairf as it is digested in the eow^|!^ 
digestive system?"- 

Using the iodine-starch test and the Benedict's solution -sugar test, waj 
divided each class into four groups with each groi^ responsible for testing thi^ 
contents of one part of the digestive system for starch and sugar. The experi- % 
ment took 1-1/2 periods to run^ and the discussion where the "V" was used to;->;^ 
?"impackM the exercise took aln^st one-half periodv Givens,the unfavorable time.^| 
that the ej^eriment was nm {piiQ days before 'the Ghristiiias vacation), andythe. 
students', limited es^oiure to the "V", the staff decided that" this trial showe'd': 
moderate success. It was realized, though, as a result of this attempt, that=^ 
our staff could not become a substitute for the teacher arid teach the learning | 
strategies directly to the students. It was clear that we needed to use th^f 
existing curriculum and work with the teachers who vrould, in turn, iiitrodup^ 
the ^^str^egies to, the students, _ . n 

::'|;C'./ ^ Direttly 'after the winter vacation, the volimteer teacher in Boyn^on;^. 



ySioificea that be would not be returning to the classroom after : that year. ^.^^ 




Since, by that time, it was clear th^t our prpjeet would continue into - - 1 

the next school year, and given that no otha^^ in the Ithaci' city ' > ^ 

schools had stressed interest in our project, we decided to pursue coopera- : | 
tion with other school districtsl ^ ; - ■ ■^ ■^'■^^ :::-4'nS}_ 

Fortunately^ around that time, contacts had already been established with 
an eighth Hrade ^science teacher in the Lansing Middle School, He was teaching 
the daboratory-oriented IPS that this might be the optimal., I 

;siti»tion for introducing ithe ''V"; Wa scheduled some informal meetings with | 
that \teacher to' instruct Mm nature and use o£ the "V". After a few ^ 

hours which included discussion vof the natiire of our project and its objectivesv^ 
this teacher introduced the "V*' to his IPS clas Tliis class was composed of - 
about twenty-two students who w^e considered above avetage in reading and 'V*;' 
mathematics J and for this reason were selected to: t^e part Jp. the IPS Program, M 
Agaih^ we used^he'' worksheets to introduce the terms of the "VM . Students , 
completed the worksheets for homework them in class the 

next :day, often relating the maanings of the terms to the laboratory exercises '';f^ 
that they i'had been* working on in class. 

The ''scien^^ that- had operated in the IPS Program 

was substituted with the terms of the knowledge ''V".' . This. reinforced the.atten-s'l 
tion of the program away from the more methodological aspects of IPS. toward / ; ;j|k 
-the conceptual side of the ^'V'» tod the knowledge claims that had been accimulateM 

. ^ ■■ ■■■ ■ ■ ■■■■ ? • " " " = " „= . ' • — , . r. > V.^.' ^ ^ ^ 

toing the. first half of the year. In fact, at one point the participating, 
teacher assipied individual students to review one or mora of all the previous 

laboratory exercises, and to compile all the knowledge claims that were ;derlved)f 

^^ , v . ' ■ ^ ^ . - ^^^ ■ -.^Kv:;.i.;v;-^^--''- '■^./:v-;^:^::.v.';' v . ^r^^mm 
firoffl them.^ TTie students were highly successful with this assignment, accumula^r/j 

ting nearly forty claims. Now it was felt, the students had a working li5t|*o£i 

'\f^ir&al prin^ that could be functional in any subsequent lal^^-to^^ 



^^^^ principles that guided future iftquiries* 'Hiey also recbpii fed! ^ 

that-little or no theory level had been utilized^ TMi was encouraging ;to '"r 'i^ 
" tht- staff, since it gointad out one of the- major strengths of the *'V" (ajid ^ J ^i^l 
/^wi^ydi^^^^ the capacity to recognize 

how each of the elemants operates in m inquiry how new knowledge 
is dependant on prior knowledge. This e^erience led in part to the section & 
in the Teacher's Handbook which discusses sequenGtng of "V's"* (See page 
V-18 in Appendix 10 ' 

Another consequence of the "V" activiti^ of the students was Lthe clarity 
with which both they and the teacher saw the need for the broader explanatory - 
power of a theory. As a 'result, the teacher's instructional plan was modified "^^^^^^^^^^ 
so that the theory imit'' CCh^t^r 8) was taught directly after imit five ^ 1^ 
was done because the IPS Program reserves discussion of the major theoretical(g;j^ 
model (molecular kinetics) until after the enfiirical research has been com- v 
pleted* IPS exen^lifles the Piagetlan developmental psychology and the 4:,%^ 
inductivistlc philosophy of science which underlies the progr^, in 
contrast td' our Ausubellaai approach that places central focu3 on the acquis | 
tlon and use of relevant concepts and a Toulmih philosophy that stresses -f ^^ 

the evolution' of concepts CNovak, 1977b) , . • / J 

We continued in the Laaising Middle School throughout the Spring, 1979, ' 
As that teacher became more cBmfortable with the "V" strategy^ the attention j.:^ 
of the staff was directed toward the other two schools that were just then 
expressing some *int eras t in our project. TTie/ one seventh grade teacher in . ^ 
. Trumansburg^ was willing to .adopt * our ideas in one of her classes, ^d the 
one seventh grade** teacher md one eighth grade teacher in the African Road 
Jimior High adi^oX CVestil) also were willing to e^lore incorporating the. | 

/3 -..'vic 



^5S^«tegies into •their, re^^^ 



,iri 



Again, these three teachers, were given the worksheets on the "V", 
; ?^ lAck of : 

J- CQmwnication about the in^ lenient atioh of the "V" strategy. It was realized ^ • 
later that in order to ij^lement th kind of program within the conventional \;| 
school setting, given all the other pressures that accoi^any the teacher's 
, day/ more intensive training would be necessary., me staff soon recognized . 
that we could not Just huid the teacher the mat erials and "let them loose . 
in the classroom.'.' Rather, a firm wid more coi^iete orientation to the , 
phiiosophlcal Kid psychologlcai foimda^ of the project must be planned^ 
prior to the introduction of the materials^ into the classroom. 4'' 
Not TOich progTMS was Mde with the ''V' those few months [ 

of th& 1978-1979 school year. Trtunansburg did better, partly as a result 
of closer staff and teacher commimicatioti and geography. With the small, ^ 
but encouraging, successes in Trumansburg a^d the information we obtained • t » 
throu^ th# introduetion p£ thm "V" strategy in Lansing, plans ware mada for 
work in 1979-1980 to acquaint the ttachars with the CQncfpti underlying ^ 0,^^ 

the knowledge ^'V"* \^,] 
Jn^plementatiQn - 1979-1980 1 \. ■ ' ' . - 

With th# beginning of the new school year and the second y#ar of th© ^-f"' 
project, the Staff geared 1^ to in^ilefflant tha "V" in T^LMiansburg and Vestal. //' ^ 
. Tha tea Lmsing dacldad to return to Cornell ^ 

to pursue a masters degree and to becoma part of the project ?s research team. |: 

" ■ " ' " ' ■ . . ^ - - . ^ 

During the Summer of 1979, the staff Hevlsed knowledge "V»s" for the standard 
■ '.1- . ^ . ' - ^ ^ 

?r:iaboratory exercises from the" texts and laboratory mMiuals that the teachersj. *^ | 

V;;;Would be using^ It was also^dfwded that classes would first be introduced 

:J activities (Appendix I| Section 11) and than to concept . - 




P;wSs55tncorpprated into class discussions* The- tsrms ware only introduced as 
fcf^ey^^ subject imtter content that the students were doing in 

'irfClBMS.-'^ Tiim structure of the "V" was later introduced wKen it was perceived 
, is that -the students were ready to apply concepts to the intei^retatipn of , 
iabbratory, events. An early laboratory ej^ercise served this pu^ose well* 
In the first week of school, the studertts set up a "beef bouillon" 
experiment. The students were Instructed to set up four test tubeSj each with 
some bouillon In it. Two of the test tubes were left uncovered i the other two 
were covered, toe covered and one \mcovered were then pliaeed in boiling water 
' for some time to sterilise the medium, Tlie remaining two were not sterilised. 
Students were to observe the test tubes dally and record any changes in the 
bouillon oveT a period of two weeks. During the two weeks, other laboratory 
exercises were conducted j and the terms of the V'V" were introduced and used. 

• f Wien. it came time to make conclusions Gcp^owl#dge claims) about the. beef I ^; 
bouillon experiment, the laboratory workbook required the students to make 
claims that were relevant to the question of what was needed for life to 

• sustain itself — cbricepts that the students had not learned! As the class ■ 
discussed the lab, the students realised that they did not possess the proper 

v conceptiaal framework to make the kinds of claims required. Biter/ then, j 
the need for the conceptual side of the "V". It was demonstrated very clearly 
that the lab exercise only "made sense" when the records that they had been ; 
keeping for ^the two weeks were seen in relation to the COTLcepts of "life," 
V'nutrients," "ten^erature," "growth," and a host of other concepts and princi- 
pies. From that point on, throughout* the school year, the students continued 
using the "V^^ for their laboratory exercises, / , .:■ : 



In :Vastai,' the procedure for introducing the "V wai different ^ aid 

ialso dalayad* Both teachers there had ej^ressed some confusion and anxiouiriesi 
about "imderstandirig They both asked -that a member of the 

Staff come down to teach the classes and the teachers how to use the "V", On 

■ two separate occasions,' one of the staff members visited the classes on a day 
following a laboratory exercise, ] 

' In .the eighth grade classes^ the students had performeid an ejtfercise on 
the heat lost by iron washers to a given volume ^of water. One olf the knowledge 
claims that was to be made dealt with how much heit was lost by the iron 
washers when placed in a- volume' of water* T^e students had conpUted the heat ^ i 
gained by the water by measuring th^- chanje iii temperature arid the mass of ? the ; 
water, (Since the *sp#feific heat of water is 1*0, that was not considered in \ 
the calculation 0 \ with that calculation ajid value, the question of how much heat 
had been lost by the iron washers was posed* . The staff member showed how this 
iaboratory. exercise. would be represented on the It was revealing to the 

students and teacher alike that the learners had not been e^^osed to the .law of 
conservation of energy, an extremely inportaijt principle in the imderstmding 
of the exercise. Without it, no claim could have been made about the amount 
of exchanged heat* . . 

This eDlsode provideid that teacher with what he considered the most salient 

"^feature of the. "V": its^ ability to be' used as an effective pre-teaching device ^■ 
that is en^loyed to analyze a laboratory exercise prior to conducting it In the 
classroom. We have also foimd this to be true in our research program with 

.college material ^(Oien, 19805- 

" ' A' similar es^erienee was conducted -with the seventh grade teacher in t^, 
Vestal; with ^ laboratory exercise that dealt with -the difference betwaehAonioni^^^ 



;;^The "students, having already discussed the parts of the cell, the functions of 
^ 'each, and the major propositions of.the cell theory, were prepared conceptually 
^, ,£or the. laboratory exercise, Also, the students were sufficiently familiar with 
the methgdologleal techniquas of staining, and microscopy. 

As the class rad . the staff member were discussing the claims ab6ut the 
differencas between anion tod cheek calls^ one student offared the claim 
that cheek cells cpntauied vacuoles Csince^ cheek calls were^mimal cells and 
all animal cells a priori must contain vacuolas). But based on the records 
, that they collected^ ho vacuolas were noted in any of the cheek calls examined. 
This pointed up one of the limits of knowledge claims i thty must be consistent 
with -the records and trms format ions made. If the inquiry had the purpose of 
datepiining if cheek calls have vacuolas j then the claim for this exercise .must 
- be '^no.r' But that claim was conditional, given the limits of the parson doing 

the observation and tlie instriiment uaed to make the records, TTiis was discussed 
r with the cjasf* The problem was tentatively reiidlved with' the recpnunendation / 
that perhaps a better inicroscope may indicate the prasence of vacuola;i in clieefc 
cells,. However, for the instruments ajid records. %hat^wera part of the labora- 
topy exarcisa, no claim could be made about the presence or. absanca of vacuoles 
in these cells. (Both the "V's" for the haat loss es^erimant md the onion-cheek 
cell expariments are reproduced in \^pandix I, pages IV- 2 and 

Evaluation : . ^ ^ : = 

From November, 1978 thrpijgji Jime, 1979, the feedback iTom school tryouts | 
D:four "learning to learn" strategies provided us with Valuable foCTiative 
"^'avaluation data. Each failure and ^e succass in instructional a|Jproach came 



thSpug^ 1^ and clear with statements suchl as, "What do you mean; by an everttiu;: 



iccass m ini 
H as, "What 



••r ■ " ■ . vi-is ■ • . ■ ■ ■ , 

. • • ■ . ^ ' ^ ^ ' ■ . . ■ . . 

orA''Whjr isn't rain.M event instead of a eoncept?"] or "I doh't see how td show . 

:.--a /dissection exercise on a 'V map.." or.."WoWj this really helps me to see what's ■ C'. 

-going on in this experiment!" In addition to innumerable anecdotal comments . 

such as these, we also conducted more systematic formative evaluation, some of . 

which is described in the following pages. . 
, ■ ' " - • )• 

Stjmmative issues also; were addressed, but primarily during the second year 

of the project". In essence, we wanted to* determine several related issues of 

using the "V" for laboratory- exercisfs and learning in general. These concerns. 

have been "divided into three specific questions, and each of them with their 

accompiAying data will ba discussed b ^ , " ^ J 

Can students identify, define, aid pick out ixamples of the terms of the "V"? 

This was the easiest-aspect of evaluation of the "V'' since it only required ; 
that students be able to place the terras of the "V" in their correct positions, ■ V 
define each, of the terms, and, using past experiences in- the lab, provide ^ 
exan^les of each of the teOTS.. A two -page pencil and paper Instrument was- then ; .-J'; 
devised to reflect this task. We began with a trial run in Lansing in April, 1979 , 
and followed with another tryout in Trumansburg in October, 1979. ^ 

Although the issence o£ the Instrumpnt was felt to work quite nicely, the - 
structure left mudi to be desired. Students Imd to write each_of the terms ^ree ^ . 
>:times, definitions were separated from ex&jples, ' and the examples,3re jLo^be-^-^ , 
drawn b>: students from past laborator>^eriences^-^m'a^^^ of the . ^ 

instrument was_doiLe__-^urlnT~t^^ '| 
-^—-''"T7erles of clinical interviews were conducted in Trummsburg in Februrary,> |; 
IliSM to^ evaluate t students were, asked to label a blank--^ 

'^^'^ give the definitions of each of the terms, and identify examples of each 






pX**.f-^^ ^ Students were also asked questions -about "^e' responses thpy ina4| 
S^i^MlsM^ i^rofe are reported in Figure ;VL,4a-c . Base^ 
i^Qlj|^}i|;^rtc^m^ of the staff and on^ participating teacher, theHaBeilirii 



grouped together. Also, instead, of having' 



^?^^6^ts remember ex from previous laboratory e^^a^iments ^ we provided a 

.copy of a completed laboratory exercis© that the student had already done in 
: ^iass^TU copy of. this instrument, with two laboratory exercises ai axanrples, 

can be foimd in Appendix I, pages V-10 and V-11. 

';v', = ^^^^^ -.. .^^^^ . - - - . ^ • _ — — _ _ ^ 




1^ 



t?''^ ^?^ '^?'^^^^"^^ scores on the "V" interviews,-, conducted In Trumansburg, 

\ February, 1980; (N 11) ' Percentage 'score coi^uted from student 

' ' ^ * score divided by a maxiimim score^, and** multiplie^d by 100. -KC ^ KhowT 



Claim;: Tr ^ ; transforation ; R ^ records; 0-f objects; E =^ event; 
C 5^ concepts; principles; Th ^ thelsry; PQ*- focus question; ^ 
To = total score for that "questipn* 



^fi^^^n. ...... 



100 -1 
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. ExMdnation of even these very pralimnary reiulti provide some qlues 

^ ■ ' . ^ ■ ^ / - ' \ ■ \ " ' . . . % 

ms to the familiarity of the student with th© md where ,the emphasis is ; 

relative to instruction about the "V"; Firsts Figure VI. 4a indicates that 

: Students can position most of the terms in their correct placts^ap6un€ the '*V*%" 

but ,as^ indicateds^by Figure VI. 4b, their ability to define each term/of . the ^'V* wa^ i 

eneouraging. Indeed, a very small percantaga of students could g^ve an 

adaquata definition of "theoi^.-' This could be due to .the fact ' that the , 

teachw in Tnunarisburg had not taught the students a variety of theories, 

but concentrated mainly on the cell theory and the theory of natural sal ec- 

tion. * TTius , the students were not privy to the range,; function, ijid v j 

structure of a theoretical model* to picking out example CFigure VI.4cD the ' 

students did naich better* There are iridl cations that, although students | 

could not provide co^rehensive definitipns of the terms as shown iii Figure VI*4bH 

they' did have enough operating definitions for severa^^f the terms to be y%i 

\,able to recogniie examples of /most of these terms within the context ol a 

- given laboratory exerciia. /Only t'knowled^^ etaim," "transformation," and - : 

"record" provided some, difficulty. But thatf might have been the faul^ of 

^the instrument. used: examination of the instTOment on page V-11 in Appendix I 

tbew' pod experiment) shows that the records are embedded in two cypes of ^ 
^^^-^ ^ ^ ; — ^ ^ " . . > ' _ .... 

transformations, the table and the graph. Students did have some trouble 

■ distinguishing the records (the actual number of bei^ in each of the pods) ' - 

' ~ ^ ■ ■ ' " = ; 

■ ■ . . - =__*_-- 

from the trans forma'U.ons (table mid figure for frequency i^i^tribution) * 

. . / ^ ^ . " . ' . ■ . ^■^"•/ . / 
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" From the results oS this prelimlnarjr assessment, the staff conducti'lr. ^^-j^ 
v : .a:slm a whole class setting, thereby collecting/' , h Sf^!^^ 

records for all the. students at one -t4ma,^.i_Thii was d in Trumansburg, using-^-'^ 
a labpratory extrcist on bean seeds;, ^and with the Vastal 'eighth _ _ . " ' 
grade,, using a laboratory exercise on heat loss. . Thm data for these two J 
groups^ are reported in Table VI. 1 belowv. Included also is a' description of 
how the instrument was marked. The Vestal seventli grade group was not 
assessed becauso they had had only liroited exposure to and instruction in the | 



use of the "V' 



Table VI. 1. 



Results for assessment of identifying CQ^^^tion #1)^ defining ^^^^^ 
C#2}, and picking out exanples (#3) of terms of the 'T' for , ix^^ 
Tr^nsburg (April, 1980) and Vestal- 1980). From ^ 

itoowiedgewClaim (KG) /through Focus Question (PQ) there was.^a 
ma.ximian b£ two points for eachj Total ^Score (To) had a maxi-, 
.mum of eighteen. 



Trumansburg 
ril) 



QUESTIONS 



¥- 

It 



Knowledge Claim 
■jiTrtoSforjiiation 
RecOTds 
acts 
Events, 
Concepts 
. J'rinciples » 
Tlieory 

Focus Question 




1.97 
1.97 
2.00 
'l.97 
2.00 
1.97 
1.99 
2'. 00 
2.00 



#2 



1.89 
1.57 
■1.59 
1.90 
•1.94 
1.83 
1.45 
0.06 
1.92 



#3 



1.70 

1.81 

1.67 

1.91 
f 

i.92 
1.23 
0..79 
0,47 
1.89 



Vestal 



#1 



QUESTIONS 



.#2 



1.20 

a. 79 

1.69 

1.26 

l.Sl 

1. 90 

1.83' 

1.-95 





1.48 


.1.57 


1.48 


•1_.42 


l.;44 


1.49^ 


. 1.29 


1.20 


1.61 


1.33. - 


1.43 


1.46 ; ■ 


0.90 


1.13 


,0.55 
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In essence, each of the three questions of this assessment constituted 
a saparata Instrtunant, each with its own objective of determinln^how familiar 
the students ware with tha knowledga "V". 

Yha assessment was gradad on the basis of two points maximum for tach 
part o£ the quest ion* Thus, tha proper definition of ''theory'* was awarded 
two points* I£ the attident in writing a definition or example of a particular 
term did not have a totally correct Miwar^ but one that provided an indicatioti 
that the student "was on the right tracks" one point was given* If the answer 
was totally wrong'^ no points were awarded. ^ ^' 

A comparison^ of the performances of the Tr^ansburg group and tha Vestal 
group should bjfdone with the utmost caution. There were several factors 
pi{asent th4t mght affect the validity of any generalization between the 

.^ :. • • ■ . . . . • .. ■ ■ . • • 'i • . ■--•V 

two groups. First, the Trumansburg group received a greater amount of instruct^ 
in the '^V^', having used it since the beginning of the year. The Vestal. group U 
had only been using it for five months. Second, although the instruments were , 
identicar for Questidns #1 and #2, the iaboratcry exercises used ^^om which the . 
Students, picked . - out examples/C^astion #3) ware different* There is no 
Way; that we know ^ of con^aring. the relative diffiGulties of these two, laboratory 
exercises. Third, 'the assessments at bdth schools were administered by staff 
members. Although we had made several ^fVip^o Vestal to 'observe classes and 

S3 ,/ - „ 

interview students, the amount of time directly 'in contact with the students 
liji^-r^pnsburg far exceeded the time directly involved with the students m . - 
IVglt^f; Thus, the Vestal students might have been a little 'nervous being 
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In light q{ these cautions^ however^ there are some interesting comparisons 
that can he established between the two groupi. Trumansburg preformed better 

- ' i 

on the average for the total scores for each question. This might Indicate 
that there is a factor of "time on task" which is important to the mastery 
of the knowledge "V". To individual questions, although both groups were 
comparaljle in identifying "theory" on the "V" (2.00 for Trumansburg; 1.95 
for Vestal], Vestal did much better at defining and picking out examples of 
the theory in the given laboratory exercise (0.55 and 1.49 for' questions #2 , 
and #3 for Vestal; 0.06 and 0.47 for Trumansburg) . Since the eighth grade 
teacher in Vestal stressed to a great degree the Importance of the theory 
in scientific Inquiry, we would expect this finding. As mentioned earlier, 
"the teacher in Trumansburg did not, stress theory as much. Further^ in the 
laboratory exercise given the Trumansburg students the theory that was provided 
was written as "natural, selection." The students, should have known that, 
but were probably more familiar with the terra "theory of evolution. " This 
may account for, the comparatively low score in that question. 



Can Students u se of the knowledge 'V^' for 'laboratory exercises they perform ; , 
In class ? ; ■ . ' 

To answer this question required two separate activities during the course 
of the second year of the project. First, arrangements had to b^^made to ; - j 
acquire and accumulate a large sampling of laboratory exercises put- on the 
"V"-. This was easiest for our group in Trumansburg sine? they had used ;irgt-"lf 
Uhe^:iJ.^^■f^om the" beginning of the year and- because a staff member worked 



'VI^22 



The second major activity involved with answering thif question dealt 
with the creation of a scaling device to measure students* ability to 
put a laboratory exerctse on the "V". During the second of our consultants' ^ 
meetings (July, 1979), it was recommended that we identify some sort of 
ordinal scaling procedure for assessing the *'V's" that students turn in. 
A preliminary scaling procedurej based on analysis of previously constructed 
**V's", was developed in August, 1979, 

The nine terms of the -'V" were groined into five general categories 

since some of the terms depended closely upon related terms. Thus, '^theory," 

p ■ 
^'principles./' and '.'concepts" were grouped together; "objects" and "events" 

were grouped together; md "records" and "transformations" were grouped toget- 
her, "Focus question and "knowledge claim"^were thought to stand independent 
at least for assessment purposes the other parts of the "V", . ^ 

The scaling. for each general category began with zero,, indicating that 
nothing in that group was identified by the student, Nextr ah optimum 
representation of that category was constructed, specifying the criteria 
needed to represent that optimtm. Theke were not immediately assigned a ^ 
numerical value. / For instance, the focus question was identified to be, 
optimum if it contained the key concepts to be used in the inquiry and 
suggested, the. major event and/or relevant objects. From that optimum c%se, 
varying degrees of "con^ieteness" were then added inta the scale for focus 
■ question. The number, value for the optimum case would thus depend upon the 
nuaoer of specifically -identified 4eveis for that category, beginning with 
-zero ascending to the optimum value., % ' V ' ' . 

Scoring procedures for 'the "focus question" are sliown in Table VI. 2. ^ - 
ExamfLles of two laboratory exercises, marked- with^ the criteria are shown in ^ 
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Figures VT.Sa - b. A complete listing of the criteria for assessing student- 
constructed ''V^s" can be fgi^d in Appendix 1^ page V-14; other examples of 
*'marlced'' »*V'i" can also be found in that ^pendix, pages V- 15-17^ 



Table VI* 2, Davalopraent and examples for criteria for assessiing the focus question 
on student -constructed **V's". 



MIMBER 
VALUE 



IDENTIFYING CHARACTERISTIC OF 
THE FOCUS QUESTION 



SAMPLE Cfrom a lab on 
the electrolysis of wa^ter) 



no focus questions is identi- 
fied. 

a question is witten* itut 
does not -focus upon the objects 
and the major event OR the cori-^ 
ceptual iidfe of the "V*. 

a focus question is identified; 
iiicludei cdnQeptSj but does not 
suggest objects or the major 
event OR the wrong objects and 
events are identified in rela- 
nion to the rest of the lab, 

a clear focus question is, .iden- 
tified; includes concepts to be 
used and suggests the major 
.event and accompanying obj^ects. 



(student writes nothing) 



"What's in water?* 



"What elements are In water?"/ 



"Wiat elements can be 
identified through the 
decomposition of water fij 

using the Hof flnan appara- 
tus?" ; ci 



Thtse criteria weiit through at least six revisions over the five^ month 
period from August^ through December, 1979,^ Revisions were based on fielS-testing 
of the criteria against sample "V*s" that the students were completing in 
'^^TTmmn^w:g.' These criteria were used, then, to assess: the. .student-cpnstrubtj^i^ 
•»V.»^s''-' which formed the basis of^ the records that the project collected fr„c>n?iOcfo;^ 




^3 



Figure VI, 5a 




^^^^ ^i^^mw'^'^'^^^^.^ 





W|jife:^vVI^;a^^^^ "V" maps "prpduced by seventh grade science studentSi^^ijiL, 



^^^............^..._....._,„... ,. ... ^. 
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to analysis of the rating scale for assessing student -constructed "V^s*^ 
was completed and is reported in the final part of this section* 

Student-constructed "V's^' were collected and assessed for ten represanta- 
tive laboratory exercises from October, 1979 through May, 1980 in Trumansburg . 
The results of the analysis of these *'V's" are given below in Table VI. 3 and 
Figures VI* 6 and VI, 7. 




Tabli VU, Results of tan studint-constructed "V's" using, the criteria assess how well 

, studinti use the "V". Since Laboratory 11 had luch a small iiiplrnumbir (S), this 
' wiirbi disrigirdid in the analysis .fl Identif ication. of the titles of each liborito^ 
exercise appeirs in the key froni Figure VI. 6, Number, in paTentheses indicates mn^U 
si le for that particular exercise, ' 

, ' LABORATORY EXERCISES ASSESSED 



Criteria 
Cati*|Ory 


Ma, Liiiui 
Value 


11 
(S) 


12 

(78) : 


— -1 

n 
m 


1 1 
(76} 


pi 

IS 

m 


■ 16 
(65) 


11 

(29) 


'#8 
(79) 


19. 

(60) ^ 


m 

(43) 


Focus Question 


1 


3.00 


1 

1.17 


i 

i 

\ 1.92 


^2.42 


• 2J4 


2.27 


2.34 


2.91 


2.12 


2.35 


Objects/ ^ 
Events 


3,' 


2.40 

i 


1.69 


2.24 


LSI 


2,12 


2.19 


2.41 


2.3b 


2.88 


2.72 

1 J 


TH^rtf V/ Pf 1 nci - 

ples/Goncepts 


4' 




1.54 ' 


1,71 


2,60 


■ 3.09 


2JP 
i * 


2.72 


2.69 


■2.38 


3,18 


Records/Trans- 
fonaationi 

... - _jL 


\ ^ 
4 


2.60 


3.28 


1 . 
2.33 


3.28 


3.5S 


3.32 


A 3,27 


3.90 


3.45 ' 


3.14 


Knowledge 
_ Ji-aiiBS 


4 


3.20 


1.92 


1.51 


2,04 


2,57 


2,S2 


2J7, 


A2.j3;-^ 


-2-13 


' 2.58 


fptal Score 


18 


13.0 


10.20 


9,71 


11,86, 


-14707 


13.19 ; 


13.14 


"14.19' 


13.27 


13.95 


Standard Devia- 
tion for Total 

i_ Score 




2.45 


2 JO 


2.2? _ 


2.30 


/2.10 




1.66 


1.26 


2.22 


1.7S 



Figui'a yi*6. Average total Bcqra for .thb ten^represantatlva laboratory 
axercisas placed /on tha "V" . Niimbers abova aach bar reprei 
tha atandard deviations for the total scoras for aach labor 
exercise, ' - ' : 



4 
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1 




PiguM MI. 7* Frequency distribution of averages of mil labi reprasentad on 
the '•V'^'' for aighty-threa atudants at TriMansburg/ Saptambar j 
1979 through ^y, f9f0* Two studenti did. not conplata my 
/'y|i"V the one s the range of 6,5-7,4 turned In ^ 

only one laboratory "V"V 



i 




VI-29 

' Although a more thorough quantitative analysis appears in Section IX, / 
soma analysis of these data ihould be done prior to moving on in this 
report* From the information gathered thus fir, it is reasonable to conclude 
that jimior high students can use the to represent what is occurring in 
their laboratory ej^eriments. From Figure VI, 6 , we can see that the students 
appear to get better as theiaf e^^osure and familiarity with the' strategy 
increases* But again, the use of this kind of comparison is 'done with a 
certain impunt of caution. The laboratory exercises represented in Figure VI, 6 
may not all be of equal difficulty, md therefore there is a problem of 'validity 
of stating that students did in^rove^over time. Perhaps only their *lab 
exercises became easier or they finally got used to junior high science. 
However, if the staSaard deviations among all those labs depicted in the graph 
are examined^ a trend from a large standard deviation to 'a small -standard v 
deviation occurs* This .might indicate that the students are becoming more * 
familiar with the strategy and are able^ generally, to use -the strategy effiSctively 
enough to place comparatively hi^ on the scale. Examination of Table VI, 3 
furthers demonstrates this '^levelling of f" of students' grades in each of 
the five general criteria categories, ^ 

It should be noted that Laboratory Exercise #1 shows a strikingly high 
average'.total score in comparlion to the other Initial laboratories. But 
because the N-number (5) is so small that can be attributed to' «too small a 

^ ■ .. . ' P ^ ^, . ■ -.1- 

sample to make any conclusive statement, 

^Thff-7rrfor^OTae=4ndt^^^^ "V"-map 
scores 



■es arocmd twelve. Using a baSellne of eighteen; this muU represent 
;%n average performyce. of around 67%° However, the data in Table yi.S show 
- that ..Students are limited in their success on "theories and principles" . 
-and' this may be more a curriculum failure:" Uttle theory or basic" prfhcxples 
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are presented in junior high school science. Therefore, a more realistic 
baseline score would be 15 or 16, and the average itudent would thus 
show a "nastery" level of some 75-80%. Furthermore, students would ^' 
often write the proper concepts, but be unable to extract from those 
concepts the proper principles and thedry. " Indeed, students often 
mistakenly identified the "cell theory" when "natural selection" was 
the theory in operation. Also, if cell /theory w^ used, no, conceptual 
principles were ymtten that rest..ibled the propositions of the cell 
theory* 



/ 
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Out expeTitncf ovmf the entire year with these "V's'« and their use in , 
Trumansburg has led to some modification of the criteria that should be 
mentioned./ In addition to having the con^tehensive form of the qriteria 
gqlng through at least six revisions over the course of six months j the 
staff thought it fruitfiil^^ well to devise a list of/^re general^ less 
rigoxoM' driteria which could be used as an altematiye^by the classroom 
teacher* The si^lified rating scale provides the teacher with a "ballpark" 
view of the "V^* maps that students complete, ^It^cbuld be used at the early 
stages io£ using the "V*S whiie students are just beginning to become familiar 
with the new terminology^ or they could replace altogether the more compre- 
hfltslvfa . form. This, of course, would depend upon the needs of the class 
as assessed by the individual teacher* - Both students and teachers find 
that the scoring criteria are also instructive as to how to construct 
good "V's'S so these* should be made available to^all parties involved. 
This kore general list of criteria for ^aslessing student -constructed "V's" 
can be found in* Appendix I, page V-13, . . 

/pother modification of thfse criteria actually came from some students 
who siw thM there was a great ^similarity between the left-hand side of 
tha*W»' with its hierarchy md general to specific rule and the concept maps 
that they had bSen preparing "from their textbooks. The stu^nts' suggestion 
that they substitute a concept map for thftt left-hand sidr' was. thought to 
be; a iUrfrkafcle insight for these students I The criteria for assessing; 
th« ccinceptual side of- the "V" did not change m any way, but we were ^ 



aw^e 



that there was more than one way to represent t^at left-hand side. 
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Do students change jchelr method of "attack jkllls" as a result of exposure 
to the "V" ? ' .' - - 

This i$ one of the question that we attempted to answer very late in the - 
projeet, . but ^ because of time and lack of resourcea (the staff was concentrating 
on accumulating all the other records) .^ this line o£ research was not pursued. 
Although this could be a potentially powerful aspect of the teaching and learning 
of the "V^' strategy, when our staff conducted some preliminary interviews 
in ihis directlort we' found no siffaificanJ results, , a 

The idea to evaluate this aspect of the use^ of the "V" actually came - 
from some students who had participated in an informal interview about coitcept^ : 
mapping and the ''V". The students were given a hypothetical situation: 
%ou are given a laboratory exercise that another student has completed- . 
You look at his/her taiowledge claims, /and reallie that they are wrong. IVhere 
would you look first to, find where the student went wrong?" From the four . . 
Students at the . ession, we received answers of, "look at the fociis question," 
'•look af the concepts and priTiciples that shSj/he used?" and "look at the 
objects and events of (he lab," ; NuAe of the students iderftified the right- 
hand side of the "V" as the initial source of the problem. Since one of our 
objectives in the project was. to have learners' conceptua'iize ^b^^^ 
inquiry events, we saw this as an indication that 'they might have changed , 
their 'approach of attack skills and 'wpre beginning to . conceptual ize better ^ -.j^^ 
about the events that they witnelsed/in the laboratory. , - ^_ 

From this, a clinical interview involving' both instructed and uninstrup\e|^ 



students was designed. Using content material .from the, physical .sciences," 
material that' both 'groups had had. we deviled a presentation thf , report 6^:^^^^ 
someone was able to get more wdrk.out .of macjhine than was put \intq :it ^^^^^ 




a violation of the law of conservation of energy. Eighteen students were 
interviewed: ten instructed and eight uninstructed. mile the results, 
as mentioned, are certainly not conclusive, more instructed students 
looked for the mistake among the concepts and principles than did the 

uninstructed group. 

Although we did not have the resources to pursue this more definitively, 
the results could suggest that students might be able to make significant 
changes in their conceptualizations about the discipline of science and the 
role that concepts play in the creation of knowledge. However, greater 
exposure to, and use of, the "V" are indicated before learners could begin 
t^b show significant shifts in the desired direction. We should not expect 
■ substantive transfer of "V"-type reasoning to all problems with a limited 
exposure to the strategies in only one class for a segment of one school 
year. 

AS with concept mapping, opportunities were designed to determine the 
degree of students' understanding of the -V". In addition to evaluation 
of "V" maps described above, students' reactions and feelings about the "V" 
were solicited during informal interviews conducted with groups of students 
toward the end of the project CApril, 1980). The following comments were 
made during these sessions. Since several students might be answering the 
same question, they are represented on separate lines. If the sentences are 
- in succession the same student is answering. As before, the interviewer's 
questions are in capital Utters; the interviewees' answers are in lower ease. 

The first question dealt with the use of the "V" to determine what a 
laboratory exercise was all about. 



IF SOMEONE SHOWED YOU A LABOmTORY THEY WROTE OV A COULD YOU FIND OUT 

IMMEDIArELY WHAT THE LAB WAS ALOUT? 

Y&ah - 

IfOak to th& aonaepts, niAybe. 

Firs^ of All, I'd look at the focus quBStion; see what they're trying to do. 

[wmT WOULD YOU GO TO THE CONCEPTS FOR?] 

Information. 

Ymh, what organs [students were discussing a 1Mb on human physiology J they're 
using and all that. 

What they had known before, 

WHAT ELSE WOULD YOU LOOK AT? 

Probably the principles to find out ... like, they got all these ^foncepts and 
they pu^ them together, and you can anderstrnd it with the principles, 

Ymah, how the concepts work^ 

The objects and events , 'cause you have to know what they were using and what 
they.did with [them]. 

[IJf they did a concept map for the principle [s] ^ I'd go there first. 

In another session^ students gave these answers to the same initial quest ii 
Look at the focus question* 

Look at the focus question. Then I'd probably look at the objects and events so 
that you know what you need. And you know what to do* 

Knowledge claims to see what the question means* 

SO YOU WOULD LOCK AT THE LEFT SIDE FIRST? OR WOULD YOU LOOK AT THE RIGHT SIDE? 
The left. 

IS THAT A PERSONAL PREFERENCE? WHY DON'T YOU TELL US WHY YOU WOULD LOOK AT 
THE LEFT? 

[B] ecause if you're going to do the experiment with the "V" you have to see what 
you need first, and look at what you have to do. Then you look at the concepts 
that you have to Jmow. 



WHERE DO YOU ST^T WITH THE"V"? 

Well, you start with the =^ you try to figure out a good focus question. 

DO ALL OF YOU START THERE? WITH THE FOCUS QUESTION? 

Not mm. I start with the concepts* 

YOU START WITH THE CONCEPTS? ^ 

I write down the concepts before any^ing else^ ^ 
WHAT DO YOU DO AFTER YOU DO THE CONCEPTS? 

Then either I do the objects and events, or I do the focus question. I probably 
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[would] do the focuB question 'cause I cMn' ^ da the events without the focus 
question . 

IF YOU IVERE TO LOOK AT ^JMEONE EISE'S "7"^ mAT PART WOULD YOU WOK AT FIRST? 

I'd prohably look at the problem first, to see what they were doing, 

I'd look At two things probably. , I'd look at the records the] aonclaslons, 

because that's to^see if thAt goes along with what the prob^lf is. 

I'd look at the^vent, bmaausm you have to see what they are g^ng to be doing 
firBt. 

I wouldn't go with [records] , I'd look at the ... principles; the other things 
you'd like to Know before you can do an activity ^ 

Well, I think you should go to the theory first because in order to know the 
theory you have to know Uhe principled, and the principles come out of the 
theory . . . like the kinetic motion thmory that we did. You know how you had 
to know that molecules were always moving. 

But you have to know what "molecules" are. 

What If you don't Jmow what "kinetic" means? 

Look It uoi 



This last group of quotes from students was an attempt to determine how 
well the "V*' worked for them. Although they indicate a mi.ced reaction, they 
seem to point up the major confusion with working with the -'V" within the subject 
matter content area. They have not been ablej to some degree, to rise above 
the "V^- to more clearly see the meanings embedded within the concepts of that 
subject matter* 

YOU THINK THE "V" IS LOUSY? HOW COME? 

It doesn't work. It doesn't give enough detail. 

Yes, I thought the "V" was alot harder than the concept map [ping] . 

You have to put down the concepts and principles, but what do you put down 
for your aoncepts? 

DO YOU SEE ANY USE FOR IT [THE "V"J? 

Yeah, hecausB then you can just look at it and you can yet all the stuff you 
need. 

Also, It shows what you did, how It turned out and everything. 

Like In the records.- to know^what you did, you just look back and you know 

yoa did. 



WHAT DOSS THE RIGHT HAND SIDE OF THE ''V" HAVE TO ^ NITH T^E LEFT HAND SIDE? 

Wi3ll, first you hav^ to have a laft hand side in ordBr to do the right, 
be^eausa the Isft hand sid^ tells you what uou have to knc'-'^ And the 

right Mnd side cells you how to do it, and how to end it. 

Well, the left hand side stuff [is what J you already know, and you use that 
stuff on the left hand side [to] figure out the inforrmtion on the right Imnd 
side. 



The teachers participating with our project were also asked about their 
impressions of the *'V^* and its applicability to the classroom. They were 
questioTied about its advantages and disadvantages, and generany about how 
difficult it was to implement into the cl-'^.ssroom. 

The various uses of the '*V" is evidenced in the discussion with the 
teachers. In this Mrst quote, the neacher alludes to the "V*s'* ability to 
be used as a planning and diagnostic device. 

.we take so muah for granted that there's axct of kids that don't even 
hMve these bamic conaepts.... [rjet you're talking aboJt principles automati- 
cally and even a theory, ... and yet there's a kid down here who really never 
did understand [one particular concept]. [M]aybe that kids needs some extra 
help, or maybe you'd better stop a ndnute if four or five or six kids In 

the class really don't know [that concept] He may know six out of 

st^^en [conaepts] , but that seventh one may be a real key. 

Again, the "V" as a diagnostic tool Is shown in the following quotes. 

Related to that is the function where the "V" specifies for the teacher 

and the student the more salient features gf the laboratory inquiry. 

So having thsm put down all that stuff was hmlptul to we, because J 
could uee, "Hmy. tBls li^d doesn't see or une-j:stand the diffarenceis [among] 
[concapt A] and [concmpt B] or [concapt C] , and that was vary important 
for that lab. 

On the "V" you're listing matmrlalm and equipment and observations [just 
iiiej you would be doing [for] a lab report, but you' rm taking the naxt step 
of reminding youramlf of things that you lenrnmd before. And slot of k^ds 
don't take the time to ramembmr what they laarnad before. 
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Also, by its very nature, the "V" focuses the attentiou of the inquiry • 
toward the objects and events, thereby constantly reminding the student what 
the laboratory exercise was all about. 

l-ou c&n ask four or five differBnt kids in ths same cUss what we did in a lab, 

and, you know, those kids are not going to agree on what we did When 

we do the objects and events on oar "V",... if focises them in on what they 
actually did in cl&ss. 

Teachers also expressed some of the disadvantages of using the "V". 
Generally, they, reflect the impression that using the "V" can become busy\vork ' ' 
or that the "V" is not always necessary. 

X feel you don't have to have the kids fill- them_o_ut_ all the time. 

... r find that sometimes it takes up a little more time than I want to. 

rslome of the kids think that they're doing double work when they 
have to do the "V" after they've already done the lab and answered all the 
questions ^ 

The difficulty of the "V" as "double work" can be alleviated by the 
teacher substituting the "V for the laboratory report. The actual structure 
of the "V" is not important: it must be remembered that J-t is a heuristic 
that is used to represent the roles that our conceptualizations and methodologies 
play ^n any inquiry. Thus, the traditional laboratory report can be re=struc= 
tured to accommodate the two roles of conceptualizations and methodologies. 

This was never fully realized by the teachers, but it appears clearly a staff's 
mistake because we wanted to see if students could use ■•V'^mapping. 

Finally, the teachers were asked how difficult it was to Implement the 
"V"' into their "curriculum. Aside from some initial anxiousness, the 
implementation was not difficult. , 

It wasn't difficult at all after I got the informational booklet deci^hersd 
%^^rsion ofth. project's handtook) . . : . It wa. e«.« for me to see 
m "V" already done. ^ 



^all/ in the very beginning when X had a hard time realizing how^^f was gQing 
to prmsmjit it to the kids, cMt was difficuic. I would say that you [a staff 
member] helped iron ouc any problems [wh^n] you had cane doim and gana 
through [a class , using th^ "V"]. 



Caveats regarding the introduction and use of the knowledge ^*V^' : 

Again, a listing of some^of the shortcomings of our project might 
prevent the duplication of the same mistakes in a replication study. In 
addition to these, there are some others that thread through the entire 
preceding description. 

1. Don't present the terms of the *^V" out of context. That is^ always use 
the terms relative to the content material that is being covered in 
class. For example, "What is the record of this expariment?'* or 

'■^Vhat is the major event of this phenomenon?" or 'HVhat principles are 
operating in this inquiry?" 

2. The "V" structure itsolf could probably be dropped after the students 
have become familiar enough with the strategv. This could eliminate 
the "busywork" problem identified by the participating teachers* Lab 
exercises could also be written by the teacher using the "V" as an 
outline, 

5. Encourage students to construct concept naps for the left-hand sides of 
the "V's",. However, it is important to remember that these concept maps 
should be comprehensive, i,e,, include the most relevant concepts, indicate 
principles, md have the theory as the superordinate concept at the top, 

4, Related to #3, the theory identified at the upper left of the "V" is 
meaningless unless the student identifies at least one of the major 

■l''-> 



propositiDns in the principles section. For instance, it is not enough 
just to write '^natural selection*' in the theory slot without showing 
how '^overproduction of offspring," ''limits of food and space,'' and 
other principles of that theory relate to the concepts and event of the 
inquiry. Obviously, the mere writing of a name for a theory without 
showing its meaning in relation to the rest of the inquiry is an example 
of rote learning. 

It is not enough to provide a classroom teacher with the teacher ^s handbook 
and some simple instructions and then let them try the strategies in 

their classes. A comprehensive, though moderately short, in-service 
training workshop should be mndatory r The majoi^ theoretical foundations - 
of the "Learning How to Learn" Project call upon concepts and principles 
of learning theory and epistemology to suggest new perspectives of teaching 
the learner^ the structure of knowledge, and, the knowledge-making procass* 
During these training workshops, the theoretical foundation of- the project 
could be discussed, leading to the major concepts and principles of 
teaching and learning. Although the project staff did not run any of 
these workshops during the two years of the project, other research, just 
now beginning as a result of our work, will examine the influence of 
relatively short periods of training coupled with Inte^ersonal recall 
sessions (Kagan, 1975; Way, 1981 ] for the improvement of teaching and 
learning in the classroom, We anticipate that two half^-day workshops 
preceding use of the strategies, perhaps before the school year begins, 
with follow-up seminars once or twice a month, should serve both to estab- 
lish and maintain an espirit da corps and to share ideas needed for 
successful implementation of the strategies. 
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Consistency o f *^V^* Map Scoringi 

As with our procedures for concept map scorings we have continuod 
to evolve new scoring procedures for ''V** maps, and we would encourage 
continued experimentation wi^h scoring procedures. For the purpose of 
of smimative evaluation, howwer, we have applied the criteria shown 
in Appendix I, page V-14, for all ''V'' maps reported here. To test for 
the _^nsistency in *'V" map scores from rater to rater, "V'* maps for six 
different students, and for three different laboratory exercises were * 
scored by six raters. The relevant experience and mean scores for each 
rater onfall eighteen '*V'' maps are show in Table ^ 

Th# mean ratings for the eighteen different maps-are relatively 
consistent, except for rater ^3, a teacher who worked with our project 
for eighteen months,. Some of the difference may accrue from the fact 
that "V" map ratings require somewhat more sophisticated ^^nderstandin^ 
of the theory behind the /^V'^ maps and comprehensive knowledge, of the 
relevant science* V "^--^./v 

Table VI. 5 shows data from an analysis of variance which indicates a 
significant difference in both raters' map scores and scores for each of 
the eighteen maps (¥ - 8*61 and 16.58, respectively), IVhile considerably 
more variance occurred in scores for the eighteen **V" mapSi= the. data also 
show sigTiificant variation among the raters' scores » A Duncan's Multiple 
Range test was conducted as shown in Table VI. .6 ^ These data show that 
raters ^1, 5, and 6 are consistent, and raters #1, 2, 4, and 6^ are consis- 
tent. Only rater #3 (the classroom teacher) stands apart from the 
others. Taken together, the data suggest that consistency in ''V'' map 
scoring is more Hependent on knowledge of the relevant theory on which 

J * M 



the knowledge **V** is based than are concept map scores. All scores for 
"V* maps were done by project staff merabers Cmostly by raters H and 5] 
and hence we can reasonably conclude that there is consistcMicy in these 
ratings. 



Table VI*4. Mean total scores from eighteen laboratory exercises using^ 
*-V" inapping for six raters with varying experiences with 
the "Learning How to Learnj' Project* 





Rater arid ECTerierice 


Means 


of Total Score 
."V' maps) 




- worked in project eighteen months; 
helped devise criteria 


11 


,833 


#2 


- graduate student at Cornell; not 
involved with project, but familiar 
with strategies 


11 


.500 




- project teacher; worked with project 
for eight^n months 


9 


. 333 


H 


- graduate student at Cornell; not 
-involved with project; but familiar 
with strategies • - 


U- 


. 589 




- involved with project for one year 
as staff member 


12. 


,667 


H 


- graduate student consultant; not at' 
Cornell; familiar with project Ideas 


11. 


833 
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Table VI. 5, Two" way analysis of variance (ANOVA) , depending on ratrr 
^ ' and **V*' maps . 

Mean Squa^ F P 

38.6380 14. 7t ,001 

2.6161 



li: .296 - . 3.61 .001 

737.4074 16. 5S .001 



Source df Sum of SqUaref 



.Model 22 SS0.0370 

Error 35 222,3703 

CorTacted ^ 1072.4074 
Total 



Rater 5 
Maps 17 



Table VI. 6. Duncan's Multiple Range rest for Variable Totals. Means with 
the same letter are not significantly different. 



Groupings Mean N Rater " 

_^ -__ - -t — ^ — _ — — 



A 




12.67 • 


18 




5 


A 


B 


11.33 


1« 




1 


A 


B 


11.83 


18 




6 




6 


11.50 


18 




2 




3 


' 11,38 


18 




4 




.C 


9.33 


18 




3 



Vn. TRANSFER OF LEARNING AND CONCEPTUAL QUESTIONS 

One of the most difficult evaluation problems educators have faced over^ 
the p^st half century of formal test development har been how to assess 
gains in knowledge that can be evidenced in enhanced ability to solve 
problems or to transfer learning' to new areas of application. A pioneer 
^ this work, Ralph Tyler (1930, 1934), devised some ingenious tests to 
measure abilities to apply ahd use , knowledge, but this evaluation problem 
persists t^dav^ More recent efforts such as /Bloom's Ci956] "Taxonomy," 
Novak's (1961) "problem solving test" and Medelsky (1965) and Hodges (19661 
suggestions must be considered, Mevertheless , these evaluation works have not 
led to evaluation instruments that are at once validj reliable and practdcal- 
Many educators have resorted to .modified Piagetian clinical interview as the , 
only valid alternative to this evaluation problem (see PineSj et al., 1978), 
Although we have also employed the clinical interview strategy for evaluation 
purposes J we sought to develop alternative evaluation approaches for assess^ 
ment of meaningful learning that could bear on the issue of whether or not 
the "learning to learn", strategies in this program were effective. ThiSj in 
some ways, has been our greatest challenge. 

We have already presented arguments to indicate that "concept mapping" 
and "V mapping" can be effective strategies for assessment of meaningful ^ 
learning*^ However, educators cannot use" these evaluation strategies unless 
students are first instructed to understand and construct concept maps and 
"V" maps. iVhile the most significant outcomes of our recent theoretical 
work may be the development of strategies for teaching concept mapping and 
"V" mapping, and thus simultaneously to promde better pedagogical tools for 
assessment of educational^^chievements, these* strategies cannot be employed 
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with "uninstructed** students. We have fQund ourselvas in a kind of 
where the best evaluation strategies to demonstrate the potential ef f oct ivenes^ 
of our ''learning to leam^- strategies cannot be used. Consequently, ue have ^ 
had to resort to other, more .conventional strategies for assessment of 
meaningful learning ^ as indicated through students' abilit>%to use knowledge 
acquired in novel problem-solving settings, htiat^ follows are descriptions 
of some of our efforts toward this objective. ^ ^ 

Pendulum/ fa lode a Interviews i 

Out efforts began in late 19/S and early 1979j as the.staff began to 
devise a two part clinical interview involving a pendulum and Elodea plants. 
The intention of the interview was to determine whether the students could use 
the strutegies of concept mapping to organise their own concepts about the 
events of the interview and the knowl^ge '^V" to apply those concepts through 
the events to reach a knowledge claim. 

After showing a demonsttfation of a pendulum and the period of its 
motion, the students were asked to identify those variables that might affect 
the. period of the peTtdulum. (See the interview protocol on page VTI-30 
Aiter the" students had identified .a number of variables Cmass of weight, 
height above the ^ table, or the length of the string), the interviewee was 
encouraged to test each one to see if each individual variable did indeed 
affect the period. These were tested in turn and knowledge^ claims were 
constructed from the inquiry. ^ ^ 

In the ^lodea example, the interviewee was presented with a demonstration 
involving the presence of light and the generation 'of bubbles (of oxygen) as 
the. ITght was absorbW by the Elodea p^Iants, (See interview protocol on - 
page VII-CO 



VI U3 



PENDULUM PHOSLQC - Mactrlala Heeded far lotcerviews 

2 walghga of unequal mass vl£h hpolca on ehea 
a piact of sEring vlch Itaic cvo loops in Ic 
a s^and from which Co suspsad cha iCflng and pendulus weight 



4. Havm fau sver itea m gr^dfachar aLo^k or a cuckoQ alock wlch a penduJ.usi on tt 

J _ '■ _ ' _ _ 

$• Why d3 you cMsk thmy would use a p@cidulim on a clDck? 



a piece of paper and pencil ^ § 



I '^ag we have here li i icand, a itring wish Isops on ic mA £Wo weighcs wl^H ^ *^ ^ 

c3 



k.i Ehai do inca shi loops liks €his (desonsirase) * ^ ^ 



i. Do you ksow this ehtai is sailed when you puC a weiihc hieehed so ^ ^ 

soffieshinf i© ig earn swini frsmiyt (incroduee "piadul^") ft, £ S 

■ ■ • ■ S *^ - 

3^ Have you ever sa«n oae of sheie before? ^ ^ € 

Where? " ^ ^ *^ 

Myvhere eliet g 2 S 



- 

6* How do you chiak it wetks co kemp eiM? O 

<1E kaepi £iae by zhm nmLbmt ei £imms Ie goes back and forth every linute, • . ^ g ^ 

On a cart fully bi^lt pendulimt i£ will swing back aad lorth a ionf Einie *S - ^ 

befora it ahaages the nuEber oi eiaes It goes pase some mark In one minuie.) - p ?' ^ 

7* 'i^ea people first made olocks with paaduluas, they had a lot of Efoubie sakiui , 

them rua oa Eine* Sone rma ttoQ fait, lone raa too slow* How dp you think ? ^ 

they fixed t^is problem of gettiai the pendulim to rm. at the right speed? as m 

(Outline the vaplables ^d write Shea down) ^ 'ch'S 

Probe I What do you think would have eo be e&angetfl ^ S 

- ^ ,5 I 

11. OTlltoTOT DESCRIftlQHs S 

1* What we waat-EO *imow is what you'd ha%^e to do to change she number of tines 0 Q^S 

thla. ^eadulum goes past she center post ia a oertaln Eisie period. You've O 

mentionad ^ aad * ^ S O 

2* Do you thiak shat- any of these shJAgs yould make the penduli^ move past u 

the c^ter post at a dif fereat nmaber of times per minutel 1^ ^ ■ 

3. How could we fiad out which are she ^st l^ortant* Kow could we sest it? 

What would you Eieed to do to figure out how so ehaage the nu^er Of tisei is ^ ^ 

^es past the neater postT Which of Ehose .fiactors you meationed, 8 S S 

r s 5 5 p 

4. Hew would you check to see the n^aber of- times it goes by the center post? o 2 =j >=f 

^ 5. Sow would we see If those chiags really did affect Ehe au^er of times the ^ 

pendulum goes by the ceaEer post? 8 *^ ^ * 

- _ ^ ^ '^wjsoa 

III* CONDUCT Of miSlHOT* 3. 4^ 

^ L. What do you think wiH happen If you change the ? 1 f-- g" g 

1* Why doa't you try it? . ■ S § ^ 

3. ifew what would ^ou do? Try it* . : = 5 ^ u 

4t Is that what, you shought would {lappea? cd (N # 



S, What other eh^jiis would you test? 

.6. Is that what you iicpeeted? , 

7* What would happen If you □us she osher orA Try Ie, ' 
8* IM shat vhas vou aKOycc^d? " ' © 

coHCLUiiolii ■ - ^7 . ^ g 

* 1, So, now chat vou^ve' done this axperiraint , whaS do you think affecss the aisber 
of S^aes Ehe pendulum goes pass She center post? 

2, If you 'look at she differeaees, what eould you say? ^^maE could you ton«;lude? 

3, What did we look at? ■ Did leasEh ^tter? 
Did the weight ^tser? How about the forte, the distancef 

4, If 70U wars that soientist of 500 years ago now, hew would you fix a 
. cloGk that was nmaiaf too fas'^l i U U 



0 Q^m 



4 
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Z csaEiiaefS, ai lmaS€ S iachea deep and lafge giiduih e© puE a funnel in 

3 funaeili 'Ath lami natraw aeeki (pQwdar fuaneis will noi d©}^ 

Cfasem eise subms of eltar pely-^bectiiif so fie over she f\mnei neek (for 

eslleociag iha gas shac che pl«ic3 wiH avolve) 
a lasp' £0 aEiach to the Large aaniaiaeri 

Elodta planes ^ buy freih if poiitbiii. Do not use saae planes for aore 

tvo days. 0ns bunoh ts pltnty for ewo or aaybe three incgrvitiwerM - 
i^lKG SODA 

€^tra I^ghe bulbi 



General sec^up oi the Elodia experiments 

1^ Cut off ehe base of tht Elodea 
plant ac an anglt io loti of surface 
area Is eKpoiid. 

2. Fill the poly-bottle with water 
from the already filled large container, 

3. Place the planes In the lar^e 
conrainer, under a funnel, and slip 
the poly-^botcle over the neck of the 
funnel, let the funnel uprlghc, keeping 
the mouth of the pgly^botcle submerged. 

4. ie iure that the cut end of the 
plants are pointing upward Into the 
neck o€"ehe funnel, but not faloGking 
e^ic of any bubbles which will be 
formed* 

5. Attach light. 



i€t up r^o fimels with pluts, one In each of the larie eontalneri. Illuiilnate 
ons Qf'theie» keep the other in the da^k or la only foom light. Sec up a control 
Cfyzmel wlthoui plviri) in the container In the lights Add a tibleipoon or io 
of baking soda to the plantst In the light, (to stimulate bubble evolution*) 
ALLOW WtfTEm HINUTIS FOR TOIi THING TO WA^ UP AFT^ YOU SET IT UP. 

If all else fails, let more air into the setup with plants in tha 
light than the one la the dark* Don*t let any air into the control* 



LODIA OmSTlOHS: 




1, lere'i an escperimaE thar some scleaciJEi are doing, and this is how they set 
^ the materials, CoSuld you tell me wha| ^he differincei are becweea 
These? First, 1*11 till ^ou nhafc-i net important (health of plants, 
age of plaatis exmra busBlei on tfm iide» temp of water, height gf water 
in big contaiaer) , Could you describe these three jetupsi 

2* What do you think the soiontisEs are trying to itudy with a setup like this? 
What do you think the setup is trying to prove? 

3. do you say that? 

4* Do you see aaythlai else? How, about the space in the bottlesf 

5. Where do you think that comes from! ^ 

S, Is there anything happening that you can see? 

Wvohmi So you see the bubbles going up the fi^nell Do you think that has 
~ any thing to do with the air in the bottle? 

7. So what do you thl^k is going dn here? 

^flhat do you think the icieatiats are trying to gee smart abouE? 

a. Do„ you have any ideas just from your everyday e^erience thar night help 
e^laia this es^eriment? 



i, What kijids ei observatioas will thav s^ke? ^Iiac will they notice? 

# 

IOp Do the soieatists as^' t& t^ve any specif' ideas to uadarstaad what is Kappeni: 
11* What do you thi^ the selantisti would be able ta GoaGlude at the end of the 
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Two set-ups were presented: one in a darkened room or room light, 
the other exposed to more Intense light. After a few moments the set up ^ 
with the greater light exposure began to generate bubbles. The interviewiie 
was then asked to account for this observation. Approximately twenty- fi;^^a 
clinical interviews, uiing these two protocols, were conducted in Lansing 
and Boynton'' C Ithaca) during the four .month period of December, 1978 
through March, 1979. 

Several problems with this approach became apparent either inmedia^ely 
or as the staff began to focus in upon the objective of this phase of the 
evaluation. First, the Interviews were too lengthy. Wiile the pendulum 
example was shorter (15-20 minutes), the Biddea example ran in some cases 
to forty minutes. T^is, of course, would discourage widescale implemerita- 
tion bf this evaluation strategy since it required too muqh time to evaluate' 
a large sample of students. ^ 

Thm .secd|id reason for the inadequacy of the protocols der/ved fron; the 
niunber of concepts needed by the student for the Interview inquiry^ In the 
pendulum exan^sle, the interviewees were required to understand only a f^w 
concepts and principles An order to- make sense of the event. In fact, most 
^*everyday^' understanding of concepts-such as ''time,'* "mass," "length," or 
"swing" were sufficient. In contrast, the Elodea example required a vast 
store of concepts and principles involving "photosynthesis," "carbon dioxide 
generation;", "light intensity," and the like to sort out that inquiry. 
So in one interview we found a paucity of concepts, while in the other, 
too many* This reflects in part the difference in assessment of "spontaneous' 
Versus "non-spontaneous" concepts (Vygotsky, 1962) J ' ^ 



The experience with the pendulim and Blodea interviews led us to 
reevaluate again the project objectives regarding assessment of transfer 
of learning. It was clear that problem solving tasks unrelated to elass- 
room instruction, or only remotely related, were too often tests of general 
reasoning ability (use of "if,,, then** propositions) or willingness to 
perservere with an obscure task. Once again we were brought back to our 
basic ^theoretical premise that problem solving ability is largely dependent 
on the adequacy of relevant concepts that. the student has^ and we were 
failing to provide appropriate problem solving tasks for this fact. 

Problem Solving Related to Class Work : 

Lansing Mfddle School was working with the laboratory-oriented 
Introductory Physical Science Program Therefore, the staff 

decided ta employ a problem solving situation involviijj phases of matter, 
and bqiling and melting points. Further, it was decided that the protocol 
should be a pencil and paper test so that a large sample could be evaluated 
with a corresponding reduction in the amount of time necessary to perform 
the evaluation. See Figure ¥11,2 for a copy of this task. 

. miile the approach eliminated the difficulties inherent 'in the clinical 
interview protocols used earlier, our first effort in this class-content- 
related problem was less .than satisfactory. First, the approach required 
too few concepts to answer the' questions, l^on inspection of the questions, 
it should be evident that only the concepts of ''solid,'* *«llquld,*' "gas," 
and "phase change" would be required to mswer the majority of the questions. 
It! other words, we had failed to delve deeply enough into the relationships, 
among the concepts to prod 'the student into revealing their understanding 



k icUntiii ^Qfiduettri ixplfiinffltl tS Um ^Saut nm 
gf m ehifidtiriities of purl ^ubit^nif, This ftubit^ntf ^ 
idlid H tm tainpifitUFi, Stit «quW fiii I liquid mn fifi^tid, 

t'hin illwri it c96l. 'Hi ofciervM thft lubiti^fiii iVfrv thirty 

speshdi rf^cordftd ifi tissinRfitufii Hiri m hii tmlM\ 

iC Rgeontis SS^C - .iub^f,^nnf^ ^ liqyld* 
i ininuti - 7S^S.- Bu^^t^ftce ii ^ Ufluid. 

f'liinutis - 55-C * Subit^nsl is ^ liquid. 
If iimm ^ 5^^C - Subi'^ncf* vm^^. to farin ^ Mi* 
3 ninutf?^ - ^^i^C - tm af thu lufeit^neg ii (mini h islU* 
3j fitinu!i3 - 5^^C - NoBt of m ^ubFt^nct hai told ^ loUd. 
^ itiinutii ^ 32^C * 3ubstinc» U ill iQlldi 
fliinutoi ' H^Z = iubf?t^n§^ li i lalidi 
5 iiiiAuias * 35 -C • Substinet ii ^ iolidi 
?| ainutii - i^^O - iubi'lnot ii a ioUii 
■ I ^imm ^ I2^C ' SubitRiiG^ ie a illid. 
6^ ininutgi • 3tib^tanc# is ^ iQlid* 
7 .Tilnutei - - Subitinci ii ^ lilidi 



U Oe yau think mt this lai^ntlst used uny tfiesrv hilB lylii 
hlR in mMM uo hlB p^ciiPlmsni;? Mlfl(\ mt ^m^t. Ho 



\rk hKe r.n M^ij eypen- 
nn^n^flil5( d/m /^^-^ anunnt could ' 
it. 



Ji. D@ yOu think that thi thininiltir wai brokin? l^cpUin. __M5 

to hioh and M pmhahl. ju^f 



ii, d5 vou think m tfimmm* mti >it pi t» nimml 




5, Why do^yeu think thi timpirnuh it^yid 21^5 for If ^inutsi? 



i> m»% ii thi frsiiini Wip«Mtyr« fer thi? suBiMnei? Kow do 

nr]d less, ^gcau^e I't 




7, W^^t ii thi mWm tiiWFstuM af thii lytitafiei? few da yau 

m'n Vq.^^e if IMA no lOMtf 



i, Why «ss ifiifK'/ ilvsn off *% (iifftrsnt p«tM diifini this 



9, Haw !iil?h! *:h# a6Bir''''.lQni Hsvp b»»fi ■ilff^fflnt if ths niiN*!^.** 

H hf mflhm ''^ hp. on , 
ik kff ^ fl. or ^ 

lOi Gan yflu diierifei an PXDSrtent thst ssuld hsl'p you ditirtiiM 
thi Biltini saint of ehflCQl^tf? ghOCal aU 

it lAiQuld bent its yvie/ l/i^ 



Figure VII, 2. Problen) solving task based on the Iiitroduetory Physiciljcience (IPS) Progriin, 
. Tills task was tried in Lansing Middle School, March%April, 1979. 



Ill 



Vll-S 

q£ the conceptual structure iurrounding the event. Second, which is 
a corollary to the first objection, since the task required too few concepts, 
it was reduced to a logic problem, involving mostly "if ...then'' kinds of answers 
These shortcomings were clearly evident from the records we collected, 
A similar problem format was tried with seventh grade itudents at Trumans- 
burg. This problem dealt with a paragraph describing mosses and liverworts, 
followed by a series of multiple choice questions* L^on further analysis 
of responses and test items, it was concluded that there were serious objec- 
tions to the validity of this problem as designed* '^e 1978-1979 school 
year ended with much work remaining to be done in our efforts to assess 
transfer of laarning* 

With several new staff members joining the project in August, 1979, we 
resumed our efforts to evaluate transfer of learning with general discussion 
of the purposes and goals, and a review of previous problems and progress. 
Out of these discussions emerged , a guiding protocol that was subsequently 
employed to develop our '^evolution problem," The protocol for this example 
is shown on page VI 9. 

The Evolution Problem * 

It was decided early that perhaps the best way for students to demon- 
strata their understanding of the conceptual structure of the discipline 
\<as to have them write an essay-type ajiswerj rathar than depending on their 
ability to identify the conceptual relationships among several relationships 
given in a multiple choice questions. The "evolution problem" was con- 
structed and administered to seventh grade biology students at Trumansburg. 
Scoring was done by checking students' OTSwers to identify concept relation- 
ships shorn in the concept map (Figure VI I ,3) and any other relevant statements. 
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PROTOCOL FOR CREATING QUESTIONS REQUIRING mWSFER OF LEARNING 



1* Salaet a subject araa to which the students have already been 
exposed to in class, 

2. Construct a concept map of this subject area ism below] . 

3* If necessary, split up and rewrite the concept map so that they 
are never wider than two concepts at any point in the hierarchy. 

4. Design a series" (or set] of questions that address the concepts 
on the map in a fashion that leads from the bottom to the top 
of the hierarchy. 

5. The questions should be structured so that each successive* 
question relates to the ones that precede, it. 

6. The student should be able to answer each question in a few 
short sentences, 

7. The actual questions should incorporate material that the 
student has been exposed to, but should be different enough 
so that only meaningful learning can be employed to answer 
the question. 



THEORY OF EVOLUTION 




fossil record 




other species 




natural selection 





small differences 
among organisms 



environmental 
change 





ion . 
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Sirsetians- ?ltsai# rtad she fgll^winf pajsait arid aniwer tht quai- 

miani that iollQ^: Xqu inQuld answer ^h#?n '^y Jiinf ioch ihe 
infarraation fsund In "he pasiait as wall ii any >:onaepsj ihat 

j^QU havi learned scienet iiajs, Aniwtr iKa aueiaigni 3n 

= the baqk.of ihlj ihett. Sestmbt? t§ writf /our nanie and air- 
€le- /our alasi period in ^he spase arovided. 

Name : 



Period; I : i 4 i 5 T 

T'.<o Islandi cha^ ha^r>^en studied by scitrit-isti have zhs 
1135 t/pe of enyironaeni . T^i/ are the laaa liie, have -he same 
t/pe of plan^i, and art ehe iam^ temperature *ts. The/ aoth ^ontiin 
iquai. riumbiri of the saae ipesiei of rabbit. Ail the raboitJ 
iiland A ars identical- the/ are aidiua jitsd and have sadism Lan|th 
fur, The raabiti on Iiland 3 show variations in sito and fur Lanfih, 
The/ art Ji^her siaali in liti with lonf fur. medium li^ed with ^eu- 
iu3 lenfth fur or large in ii;e with jhort fur. 

Ai though the temperature hai been tho lame on^'.thsio ij lands 
for man/ /ears, the climate suddenl/ befinj to chanie and the ave- 
ra|e tsmperature on both iilans be|ins to get tolder and tolder. 



Island A Iiland 3 

Ail rabbitJ are identioal ] . "Rabbiti ihow variation; 
sediUE site and aedium length small lite with shart fur, 

fur. ' ^ sedium iite^with :tediua 



length fur, 

Iar|e site with ih^rt fur. 



li either of the two populatiani 3 f raob i is ,.be 1 1 ir adapted to' 
survivt the temperature drop? Wh/ do /ou feel thil wa/? 

If /ou were to'viiit these islands 100 /eari fram now, what kind 
□f rabbits (if an/} would /ou expeet. to see on iiland A? Wh/? 

What kind if an/ would /su espect to see on Ijland S7 i^h/? 
IE a iciantijt in the diitant future was to ercamine the vertiaa; 
fossil reoora of thoso two ii lands , wnat evideneo night s'he find 
find that a .in^ti^* t ri fh.p i»fi v • T-^inm^** - h,ih *^^.-.tT^*H^ 



Figure vri.4* TTie "Evolution" conceptual question given to students in 
TiTOiansburg, Fall, 1979. 
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While the "evolution problem" did require students to use the concepts 
of evolution presented in class to aniwer the questions poSed^ some short- 
comingi were fo^d, Firstj the items were too difficult for most of the 
students to answer. It required the student to drpiw upon a large group of 
concepts that were related, but not explicitly discussed in class, Also^ 
there was not enough structure to the questions to focus the students-, 
^tention to the problenis i.e. , trying to reach a claim about an event 
using the conceptualisations of the theory of natural selection. (S^e Figure 
VI I. 4 for the actual question,) Some insights did emerge from this attempt. Firsts 
the task did concentrate on and required the use of concepts to e^qjlain 
an event. Second; the^ event was a true inquiry event, even if it was 
a contrived example., k scientist could theoretically come upon such a 
pair of islands, and could make projections as to which population would 
survive better given certain environmental changes. Third, it required 
the studeifts to write and egress their imderstanding of the relationships 
among the concepts. This attempt helped to define the general format 
for the construction of these kinds of questions during the last six 
months of the year. Although the format did indeed change as new examples 
were tried, all these changes came as a result of necessary reconceptualiza- 
tions about the evaluation task. , . 

* * - ■ t 

The Acetabularia Example ; ^ ^ , 

Encouraged by the bindings about the construction of this kind of 

"conceptual question" (the label used after November, 19793., the staff began to 
develop another example based on a piece of primary research. Reported 
in SCIENTIFIC AMERICAN, the example dealt with AcetabMlaria CMerfflaid's 
Wineglags), a large one-celled algae that is especially, conducive to ^ - 

7 I L ' 



cytology studies. ^ 

A description of the organism and the questions administered to the 

students is illustrated in Figure Vn,S. ' % ^ 

* 

A report of basic research was selected for the que^^-rtwi to again 
provide the students with a true exainple" of inquiry, ^viousl^sjh^ughj 
,the reporting pf the research was necessarily "scaled down" to accommodate 
tTia j mior high science student. Concept maps were prepared from the 
article (see page VII-14), and the subject matter of the cell and the 
cell theory were presented to the students in their classes. The function 
of the two concept maps was to guide in. the construction of the questions 
which were then devised for each of the experiments reported in the original 
SCIEiNTIFIC AMERICAN article. 

In our first attempt with this instrument * we worked with small groups 
of students (N ^ 6) in Trumansburg to "walk them through" the example. From 
this initial experience, we ditennined that the task was to© difficult 
in its original form, since students were unable to relate what -they knew 
about the structure of the cell to this example. Also Acetabularia was 
too exotic to the students; they had only worked with the more common ^ 
classroom examples of cellsi onion, Elodea, and , cheek cells, ^ 

From our experience with this question, the staff decided to pursue 
a problem more conceptually relatable to what the student could ordinarily 
be expected to encounter in the dourse of conventional classwork* TTiis 
was the i^etus to the development of the "winebottle example," 



tyti thii piM la saf t£pa5i«ti im 
whii ciiifM myitis 




NUiiiiif . U ^ll li lUi st*ii| piint ^Ui HiVi ituii*4i 

whit atfiif siracWii flf sili pKti ^ ^iS* P^»**^^ ^ 
Mifiiii'i VUifius, tet in m% i^^tm? 

iftpf biifll eut iwiy ffgi tfet ml ^1 ?h« 



♦ 



S 





/ 1 



^.^^ I, miint 4i mnmi A mmt MiniUU i^iflilli^i> 



L m m HiVi juit m4 u this ind^ihi ^uk^mi^ 



i rs®I 9lM U cul awl E&i iUicliUI li' iii^W out i 4fSFF« ; 




Firari h SiBlsi 9^ i^trtsn^ ! ifl^'^l'^^! ^^i^"'* 



Figure VII. 5/ The " Acetabul aria Example" of the conceptuaL questions, TTiis was the first time 
the staflittemptid to use primary pieces of research idapted for junior high 
level. Trumansburg J November,. 1979. 

jerJc ' ' . i^-*J 
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I (liiNiiric:!^^^ 




HA'llliiir! 

<;ni,i. 1 









Figure VII, 6. Co^ept maps used to prepare the ' *Acf tabiilaria Example** of conceptuar 
questions, ^per map represents concepts known about cell structure 
^ and function. Lower map prepared from concepts discussed in primary 

research article. 1 *d*l 
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The Wlnebottle Examplei , • ' ■ 

— — --^ tt< ■ - . • . » 

The ♦'Wlnebottle example'* described below was assentially the culmina-^ 
tion of several months of theoretical '-discussion on the content and con- * 
text of a conceptual question* From the valuable expertences of previous 
attempts, the staff devised this example. One departure, however, fr^m 

the previous attempts was included in" this example. In addition iro the 

- ft 

posing of a^ inquiry event and a description of some record, we also 
ingluded the concepts that we. fished the students to use in the explanation 
of the event. This was done to prescribe liijiits and define the parameters 
that would f^rm the bases of the students' answers. The important idea 
to keep in mind here is that to identify the concepts that could be used 
to sort out the event, these concepts must necessarily be learned meaning- 
fully or the students would- not be able to use those concepts in their 
answers. In other words, if the students were unable to relate the concepts 

- 

to the event or to each other, it would become very evident in the 
explanations offered in the answers. 

Upon examination of'the "^finebottle example" on page VII-16, the 
elements described above should be clear. First, an event is Identified: 
the bottle has been noved from the. refrigerator to the windowsill where 
the warm rays of thfj Sun shine upon "it. Jecond, a record of the key event 
is also .indicated: the cork pops off the bottle. Tliird, the maj'or concepts 
necessary for the explanation are included in a npn-conceptual manner, 
(in this case) alphabetically. , , ' 

To facilitate the discussion -of the construction and use of this . 
example, a diagrammatical illustration of the winebot tie example is 
provided on page VII=17. This is. accompanied with an' actual .answer by , 
one of the students in our study. 
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aead ..a i=Ll,wt„g' p.„sr«h ^2,^' ^Sn'^u'Il/'l'^SSS . 

wich iollaw i- an a japayate 3ne«t « l. ":„,- „_„ 

yoiff sand imeiiastlv ind : '-rili :ai.Uc- /oiu- japer. 



An e«ty «at sa«la is Uft ia the «ftii*««r avtr^laht. In :he Mrning 
is is taken autl A ssrk. ii atuck ia th# Muth af th, bot-lii«i:-it.So;:-l. is 
list ,n the windawsiU wh«= "he w«b ray. of =he stm art allaw.d « Hi: It. Sev. 

^nu«s La.er we «« pops right out af the M«th of tht bottU. :n vaur 
rtspoMts to tht sutitisna belew ?Uaje includ. the ttwa ,.«»nsAon. ia-jait. 
•kinetic jnerr/, mlfCii"'. ?ii?JS?- --•MEiS' ''^i'-^^' 

^estion n. CaT«t^u« * ««sip^ «hi«i La=lud« tht «n«pt3 f.s« ihis para- 
jrsBh and lay others that -mi -siah to includg. 

includes ^n^^f ih# canc4tB f^as ^aur ^to ^ 'hat^ U txpUirfr ^ tht^ .erk 



Figure VII,?, ^Wnabottle Example" of the conceptual questions, This is 
the first time concepts that we wanted the students to usa 
■ were included in the . evaluation task. Vestal, Spring, 19S0 
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[simple transformation 
of "before and after*'] 



cork pops off after 
a few minutes 



movement of the 
bottle from the 
refrigerator to 
windowsill 



Kinetic Energy 



Contraction ^ 

I 

Gas 
Nfolacules^ 



exerts less 
pressure on 
the bottle 



\ 



Expansion 




Molecules 
heated by Sun 

I 

more pMssure I 
voiunie in bottle 

I .. 

causing pressure on 
cork^ making cork pop 



The bottle was left in the 
refrigerator J cooling the air 
inside the bottle, ^ The bottle 
, ,,as taken out to .he windowsill* 
The Sim light warms the bottle, and 
increases the temperature. The 
molecules then start to move faster 
increasing the pressure on the bottle 
(expanding]* During the expansion, the 
voliune increases until the cork can't 
hold the air, and pops off* 



Figure VII. 8 



Diafframmatic representation of question, event, and concepts 

g vS "udents L the winebottle "='■^1- C^l--'; ."S' he wS- 

(#160) concept map and wswer to the question posed m the wine 
bottlf example of a conceptual question. 
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Data from the iVinebQttle Example : 

The '^jVinebottle" examples was administered to both instructed and 
uninstructed groups of eighth grade students at the African Road Junior 
High Schoal in Vestal in March ^ 1980. Students wrote out their answers 
on pieces of papery and then these were marked according to the number 
of correct relationships among concepts that the students wrote. Also 
evaluated were the number of misconceptions that these same students 
wrote in their answers. Results from the two groups are reported below 
in Tables VII. 1 and 2, 

Table VII* 1. Frequency ' distribution for the number of correct conceptual 
relationships identified by both instructed and iminstructed 
students in the "winebottle-* example* 



Number of Correct Relationships 
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3 
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Mean 
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Instructed ( 


N = 46) 


6 
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1 


2.60 
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40 


Uninstructed 


(N = 42) 


16 


S 


11 


7 


2 


1 


0 


0 


1.45 


1. 


72 



Table VI I. 2, Frequency distribution for the number of misconceptions 

identified by both instructed md uninstructed students in 
the "winebottle" exM^le* 



Number of Misconceptions 
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^ 

1 


2 


3 


4 • 


5 


6 


7 


Mean 


S. 


D. 


Instructed (N - 46] 


27 


16 


3 


0 


0 


0 


0 


0 


0.41 


0. 


62 


IMlnstructed (N = 42) 


2S 


12 


S 


0 


0 


0 


0 


0 


0.52 


0. 


71 



The number of students writing correct relationships misconceptions 
in relation to the total number of students from each group are represented 
in Figures VII, 9 and 10, respectively. 



instructed 
miinstructed 




Figitfe VI 



0 1 2 3 4 5 6 

Number o£ Relationships CCorrect) Identifijed 

1,9, Comparison of niwnbar of relationships identified to number of , 
' stuaents In the sample for both instructed and uninstructed. 




instructed 



uninstructed 



0 1 2 3 

Nianber of Misconceptions Identified 



Figure VII. 10, Con^Mion of number of misconceptions identified to number of 
students in the sample for both instructed and uninstructed. 
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The Electricity Example ; 

With growing confidence that our ^'wineBott le'^ example had laid the 
foimdation for the evaluation of student use of the strategies of con- 
cept mapping and the knowledge ' ^'V' for meaningful learning, our next 
attempt tried to enhance our understanding by providing variation in 
the type of evaluation strategy used. In this problem we sought not only 
to determine if students could relate a theoretical structure to an 
inquiry event, but a theoretical structure that the student had not 
previously used in classroom for similar events. The event of the ques- 
tion dealt with electrical conductance: two bars, each in turn, are used 
to complete a circuit. One bar produces a ^brighter light than the other. 
Rather than have the students explain that event in terms of "conduction," 
'■resistance,'- and "current" alone, they were asked to explain the event 
in terms of atomic theory. (See Figure VII, 11 for "electricity example," 
including event and concepts provided to the students.) 

Another departure from the "winebottle" exan^Jle dealt with the con-- 
stniction of concept maps by the instructed groups prior to the answering 
of the question. In keeping with the notion that concept mapping is only 
a heuristic device that fimctions to facilitate meaningful leamingj one 
sample of students who had been eiqsosed to the mapping strategy in class 
were not asked to construct a concept map before answering the question. 
One half of that same sample were asked to construct the concept map. 
Our null hypothesis, then, was that the construction of a concept map 
inmiediately prior to the evaluation task has no effect on the quality 
Of the constructed explaiiation. Of course, the uninstructed group was 
not asked to make a concept map to answer the question, 

j 'J 'f 
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r la^ A Is ^ed t5 ^Mlait tit iSir^ui^ lis □uli U#i*2 ^^tr:* i^:^ 

Vi-z vttm lar 1 is ^ed lit lit ^^ili U^i^l up irifi-l:% 

IS :fsu san ^3 i^ivsr 'iii ^ei^isii 3r ="itr :^-sspt3 ti*-: v-u vtii is 

i-islude- ^s^d^^sr, liars^j tlt^^trsrij Ineul^^sri rtiii'aitsf, 

^r^^^m. (rjsstrus^ i. oefsrs ^su Refill '^i-i::f la itip ^su irf^i^; 
75ur tisu^it3.) 



Figure VII, 11* ^'Electricity example" of the conceptual questions. Like 

the "winebottle exainple," this task also provided students 
with concepts and tnajor event. 
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One final departure of the ''electricity" exampla from the '*wine- 
bottla'' exsLTiple was the distinction among the kinds of CDrrect relation^ 
ships and misconceptions that students indicated In their answers. 
In this task, the students were asked to apply an atomic model to 
what would otherwise be called an electrical event. For that reason ^ 
two types of relationships were identified^ atomic and electrical. 
Further, students employed logical principles ("if, then" statements) 
to support their arguments in the explanations. A category was estab- 
lished for this, then-, also. Finally, hypothetical principles (such as, 
"Bar A could possibly contain more electrons than Bar B.") was also 
included as a category. 

The attempt of these categorisations was to determine the actual 
source of students 'conceptions and misconceptions about the nature of 
the phenonmena of interest, in this case, the differential lighting 
due to the presence of two different conductors/ This, of course, 
can have important implications for planning and teaching* since by 
knowing the source of students* understanding about certain events, 
the teacher can adapt the instruction to reinforce correct relation- 
ships and rectify or reconcile misconceptions. 

Data from the "electrica ty^' gxample i 

Tables VII, 3 and 4 contain the data for the "electricity'' example. 
The first table con^ates the instrutited and uninstructed groups relative 
to their performance for each of the categories mentioned above. Included 
also in that table is the number of misconceptions that students wrote 
in their attempt to answer the question. Because no logical or hypothe- 
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tical misconceptions were tallied from the responses of the student::, 
these categories of misconceptions are ^missing, (The reason that 
our staff did not want to record these areas, but rather concentrate 
of the content-related atomic and electrical principles, was to 
discourage the reduction of this assessment to one involving the 
testing of logical operations O 

Table Vn.4 contains the data for only the instructed group divided 
into those who made a concept map prior to the evaluation task, and 
those who did not. Appropriate t_-tests for these two tables will be 
discussed in Section IX i showing that differences between means for 
instructed and unlnstructed groups students were significantly different* 

s 

Table VII. 3. Mean correct relationships and misconception and standard 

deviations (in parentheses) for instructed and unlnstructed 
students for the "electricity-* example. 
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Unlnstructed 
(N = 42) 


0.59 
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Table Comparison of results of the •■electricity" example for 

those instructed students who made concept jnaps prior 
to answering the question, and those who did not. Num- 
bers in parentheses are the standard deviations for those 
means . 





Mean 
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Mean 
Misconceptions 
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not written 
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■ 0.43 
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CO. 74) 


Concept Map 
written 
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1.09 
CI. 06) 


1.93 
(1.17) 


0.00 
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- Table Vir, 5 represents the frequency distributions for all of the 
correct relationship categoriei, T^ese are then transformed to percen- 
tages of the total N number and represented in Figure ¥11,12, Frequency 
distributions for the total misconceptions are represented in Table VII, 6, 
with accompanying percentage in relation to N-number in Figure VIT.13. 
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Table VII. 5. Frequency distributions for combined categories of correct 
relationships for both instructed and uninstructed groups 
for ''erectricity'* example. 
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Table vrr.6. Frequency distributions for combined categories of 

misconceptions for both instructed and uninstructed groups 
for "electricity" example. 
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instructed 
uninstructed 



.2 3 4 S 6 7 8 

Nianber of Relationships Identifiad 

Figure VTT,I2 Compariion of number of relationships identified to niwiber of 
students in the sample for both instrueted and iminstructed. 




instructed 
uninstruGted 



Fi^ra VII, 13, 



Number of Miiconceptlons Identified 
Compariion o£ number of misconeaptions identifiad to number of 
studants in the sample for both instructed and uninstructed. 



VI n, ATTITUDE ASSESSMENT 

Although the "Learning How to Learn" Proj-jct was primarily concern- 
ed with cognitive learning, the staff was also interested in determining 
i£ any changes in attitudes would accrue as a result of exposure to the 
strategies of concept mapping and the knowledge "V". We did not expect, 
nor did we observe, substantial changes in attitudes toward science for 
several reasous. First, the attitudes, as reflocted on questionnaires 
by students, may indicate how they feel about their teachers or other 
factors related to school, rather than feelings related to use or non- 
use of the strategies/ Second, the assessment instrument used, which 
is described In detail below, was limited in the number of items 
representing each o£ the four attitude areas surveyed. Third, the 
attitude effects of introduction of the "V" and concept mapping strategies 
perhaps may need much more time to develop' in the students than the 
six to eight month duration of exposure to the .strategies in this pro- 
ject. Furthermore, even in the "best case," only limited time on task 
(estimated to be 10-15%) may fall short of the time needed to effect 
significant changes in attitudes about science, learning, and knowledge. 
J This section reports on the attitude instrumenfs development, 
administration, and observed results. 

Development of the Attitude Asses sment Instrument; 

The staff identified four general areas that might be affected- by 
the introduction and use o* these strategies in the classroom. It was 
felt that concept mapping might have some effect on how students felt 
about reading in science, class. A section on attitudes about reading 



in science was included. The knowledge ''V*' was thought to affect how 
students perceived the laboratory experieTices as a means of carrying 
on inquiry, so this subject also was addressed. The combination of 
these two strategies might provide a changed perspective on how 
knowledge is created in science , and a section on this issue was 
developed. Finally, all these areas should provide a general effect 
on students* attitudes about science class, and thus a fourth area 
of ^eoncern was identified. 

With these" four areas attitude about reading in science^ atti- 
tude about laboratory work, attitude^out the nature of knowledge, ^ 
and general attitude about science class a preliminary forty-eight 
■item questionnaire was devised in August, 1979, and was based on the 
work of Russell and Hollander (1975). Each item consisted of a pair 
of positive and negative statements. For instance, a positive item 
could state, "I like to read about science in the newspapers and maga- 
zines that we get at home," while its negative counterpart would read, 
"I don't read any more science than I have to." -- 

'y For each of the four general areas identified above, positive 

and negative items were devised, A Likert-like scale of one through 

five accompanied each statement, with numerical values indicating a 

range of feelinga from "strongly agreee" to "strongly disagree." 

During the marking of the questionnaires, positive statements would 

progress'from one being, "strongly disagree" through five being 

"strongly agree." If the statement was negative, the reversal was 

true Tn both kinds of statements , 'a three indicated no preference 

/ V- 

either way* or '■undecided.-' . ' . 
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This initial questionnaire contained forty-.eight items with the 

following breakdown into- the four general areas ^ 

GENERAL ATTITUDE ABOLTr SCIENCE CLASS.. - 14 items 

ATTITMDE ABOUT READING SCIENCE - 12 items 

ATTITUDE ABQUT LABORATORY WORK . = 14 items 

AmTUDE ABOUT tHE NATURE OF KNOWLEDGE^ 8 items 

After some initial editing by the project staff, an editing' that con- 
/ . 

centrated on the reduction of ambiguity in the wording of the statments; 
the preliminary quest ioilnaire w'as administered to the entire eighth 
grade class (N ^ 102) ^t one of the schools with which we were working* 
Th§. eighth grade was selectad for this sample because it was representa- 
tive of the type of student with whom we were working in the project, 
but was not directly part of the project: the pErticipating teacher^ at 
that school was the seventh grade teacher. However, twenty=»three of 
these eighth graders were involved with our project materials during 
the previous school year (1978-19793, and in the analysis that followed * 
this preliminary assessment, these 28 students' scores were deleted 
and the remaining responses analyzed (N = 79) . 

, The averages for each area were .computed. Total scores for the 
entire assessment were ^^Iso calculated* Based on Russell and Hoi lander ■ 
recopnendations, the upper 25% and the lower 25% of these preliminary 
assessments were used for the correiation analysis; the middle 50% were 
deleted. Each item was analyzed to find the correlation between the 
.average score for the statement and the total score within the general 
category. For example,, the statement, -'I usually do well on science tests 
when. I have studied^** was correlated to the total score for the category 
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. " . V ^^^^ 

"general attitude about scie'nca class.*' While Russell and Hollander 
. recomnitcided that the final questionnaire should be composed of pnly 
those itatpments which correlated at a 0,80 level or above, we had 
^ to reduce that to a 0.60 or above* Mother factor which affected the 
selection of items for the final product was the pairing of positive 
and negative itemi. TTie final assessment that was to be administered 
was planned to include both the po|ltlv'e itatements and their negative 
cotmterparts . . * . « 

Copies of the preliminary assessment and the ^inal assessment 
that resulted from the former's analysis appear on the following 
pages. Included also, but which did not appear on students' copies , 

i ^ ^ * 

^re- the rtassifications according to the general categories identified 
(G - general attitude about science; R ^ attitude about reading; 
L - attitude > about laboratory work; and N - attitude about the nature 
of knowledge) , Whether these statements were considered positive or 
. negative Crepresent as * or respectively), and. the correlation 
value determined from the item analysis are also indicated after each 
statement. Items aircled oh the preliminary assessment were the ones 
chosen to be included in the final attitude instrmnent. 



*Settirig a criterion of ve^ high correlation leads to items that measure 
identical traits and reduces potential for Identification of differences 



Miong individuals, 



SCHCOL: 



DATE: 



CLASS: 



Instructions : ' Tiiis is a autstionnair© %q datermine yo\^ faelingo about scisnce 
cla.s37 readin--3 in .SGitnca,,and s^iencci.iri general*. There are no dorrGct ansvers^ 
"to the stataments. They only try to determine ho*,-r you feel about certain topics. 
■You ars to indicate your fG^lings by cirGling the response that most cloiely 
aatches your feelings* 



Kay I ' SA - stronsly agree 

A - agree 
. - U - xmdeQided 



Saiaple It ami i 

A, I like hambui^gere. ,^ 

Television is good for people. 



D ^ disagree 
SD - stronsly disagree 



SA 



A 
A 



U 



SD 
SD 



* I don't read any more science than 
I have to. R- .893 ' 

2. I li'ke to discuss a lab in' class ■before 
we do it. L-h .420 



3. Planting seeds and watchins then 
is a scientifie experiaent. *v- 



80 



1. 
2. 

3. 



I feel. Gomforta"ble in science class. .769 

I like to read about science in the 

nevspaper or magazines that ve get at home. -R+'S^/g^ 



You have to he verir smart to understiJid the 
work in science class. a- .715 

tab exercises have nothing to do with the 
^^"^^ other work we do in science class, L~ .641 



6. 
T. 



51. 



'■ 8. The methods of science are fine for the 
scientists, but there is little in these 
methods to help peopld with everyday £- 
" problenis . 

9. I usually do well on science test when I 9. 
> have studied. a+,.6S0 

Science class maJtes me feel very uneasy. G- .303 10, 

(JT^ Thsories never try to ejcplain more than what 
— is already known. N- .739 



SA x^A^ 
SA A 

SA A 

SA A 

SA 
SA 

SA 



8. SA 

9. SA 

SA 
SA 



A 
A 



A 
A 



U 
U 



U 
U 

U 

u 

u 

u 
u 



D 
D 



D 
D 



D 
D 



SD 
SD 

BD 

SC 

SD 
SD 

SD 

SD 

SD 

SD 
SD 



*Clrcled items represenc itiins selected for the final Instrument. R- indlcaces attitude 
coward ' reading sciehce;L- Indicates attitude toward laboratory work. N- indicates , >' 
attitude towata tne nature sf science and G- indicates general attitude coward science. 
Q' IS and ninui signs indicate if the scale was regarded as positive or negative for 
ERJC'eeniene. Numbers Indicate correlation values. 1 



Attitude Assassmant - pmse 2 

; ' ; . VIII-6 

12, It is hard to do Che laboratory exerciees in 
scienee claaseg, L« .601 12, 

13, Scieatists us a theories "baGai^a they are 
mmtul to aKplain imtural events, ti^ ,283 

Ik. I /don't thi^ anything TOuld help me under- 
itand what happens during laboratory e.^er- 
cises. £- .542 

15, I don't look forward to eomins to.scienea . 

class as much as my other claspes, ,IJS = 15* 

C^O ■aeories are used in scitnee baoause they 
^ ara trua . * 730 

17. I laam mora, about scianca from labs and ^ 
activitias that I do on sy own. W .031 

18 • Laws in scianea are stataaants which nayer 
changa, *4B6 ' ? 

- 19. Usuaaiyt I find tha labs ^e easy to do, ,55a IP- 
SO* I lika scienca baeause all my friends ara go. 
in tha sane class, *354 

I lajta to raad about scientific topics. tR+ ^971 21, 



22. I hava trouble ramambarlng what conclu- 
sions or obsar^mtlons or hypotheses are 22. 
whan I do a lab in sciance class. -549 

23, I woTild like scienca ayen if m friends 23, 
were not in the s^a class, (3+^.625 



Ganerallyj I think sciance could be widar- 'gU, 
stood by almost evayona. 0+ .681 

25. I balieva that the mathods of scienca can 

be used to solve mmy everyday problems. i+ -616 

26. I usually more confused about a topic gg 
after I read a section in a scienca book. -545 

^2T) Laboratory^ «ercises help me undarstand the 
concepts in seienca, class, -614 



(^) Sciance class is boring. *3U 



28, 



29. Labs ijid activitias I do on ay oto g^^ 
confuse ma mora th« class discussions. ^*01Q 

30, Whan I do a lab, I cto tall which parts we ^o, 
the observations j conclusions, etc. t+ .467. 

. ^ • J-30 
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Attitude AisessEisfnt - page 3 



• ^(^^ Readias is a vast e of time. R- ,76 S 

I general, I have a good Cssling ahout^ 
science elass, *d48 

33. I can always apply vhat \re learn in the lab * 
to the siAjcst -^mat^er. l+ .557 

^3U. It maiea me nervous when I have to do the 
work by myself in a lab exerciie or 
activity. .577 

1 find iclencs clasi interesting. G-h .833 

36- After reading something , it is important 
to ask yotirself questions about %hat you 
have just read. *397 

37 . I like working in lab exercises and activities 
better than class discussions* L+ .115 

38. JuMt doing things in the laboratory doesn't 
something scientific- .649 



39. 'Eieories are \iEed to explain existing facts 
a^d predict future events, ^V-^ -009 

UO, Scientific laws can be modified as theories 
are changed. iV+ .592 

Science readings are always difficiilt to 
^^"^ mderstand, *S28 



k2. After I have read something in science ^ I 
feel comfortable^ that I understand what I 
have read, >270 

U3* When I read, I don't like to try and find 
the major concepts. .444 



(2) I ^njoy reading. .630 



k5. I think it is important to pick out the 

major concept when^. I read science. .769 



k§J Labs only confuse me more about what I am . 
supposed to know in science class. 

hj* Science tests are too hard even when I do 
'X^,,-,.^^:^^* for them. G- .721 

kS, To miderstand what you have re^ad, all you have 
to do is read it, nothing else* ^ggg \ 



( 
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SCHOOLi DATES CLASS i 



Instructions I This is a miestionnaire to dttamin# your fpelings about "science 
class, readings in sci anQs/ and acienee in general. There are no correot answers 
to thm statements They only try to determine how you fesl about certain topics. 
You are to indicate your feelings by circling the response that most closely 
matches your feelings. 



Key? SA = stronflyTgrwe=— — — -J^^^di^ 

A agree SD ^ strongly disagree 

U = undecided 



Sample Items: 












A. 


I like hamhurgers 


A 


U 


D 


SD 




B. 


Television is good for people . SA 


A 


u 




SD , 






I den ' t read anv more soiense than I have 
to. 'r- .893 - 


SA 


» " 


U 


U 




2. 


I feel oonfortable in icienoe class. 0+ .869 


SA 


A 




D 


SD 


3. 


1 like to read about science in the newspapers 
or inAgazines that we get at hone. R+ ,827 




% 


y 


U 




A 


iOU nsV€ v€fy^ ^nsxw uq !i1xis€£^s^^ljiq ^ 
work in science class, G+ ,716 




A 


ft 
y 


u 




5. 


Lab exercises have nQthing to do with the 
other work we do in science class, »641 


SA 


A 


u 


D 


SD 


i. 


Science class makes me fesl uneasy* G- ,802 


SA 


A 


u 


D 


SD 


7. 


Theories never t^ to explain more than what 
is already known* *739 


SA 


A 


tJ 


D 


SD 


8. 


Heading is a waste of time, -764 


SA 


A 


u 


D 


SD 


9. 


In general ^ I have a good feeling about science 
class* G+ ,84B 


SA 


A 


u 


D 


SD 


10, 


I find science class interesting, .883 


SA 


A 


u 


^ D 


SD 


11. 


Science readings are always difficult to 

understand, .628 
• • 


SA 


A 


u 


D 


SO 


12. 


I enjoy reading. R+ ,680 


SA 


A 


u 


D 


SD 
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^13* Labs only eonfuie mm mora about what I m _ / SA A U D SD 

supposed tQ know in iciensa class. -^^^ 



14*Thaories a« Msmd in Bmimncm bm^mmm they are SA A U 0 SD 

true* ,786 

IS, I like to read about loian^fie topics, R+ .971 SA A U D SD 

16* Generally, I think science could be und©rstQQd ^ ^ U D SD 

by almost everyone, G+ .681 

17* Laboratory exereisas help me undar stand the^ SA A U D SD 

Qonoepts in science class, *614 

18* Science class is borinf , ,821 SA A U D ■ SD 



*See footnote on preliminary questionnaire. 
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Results of the Attitude AaseSBments ^ 

TTtj final forin of the eighteen item attitude assessment was admin" 
iitered within the first ten days of the school year fl979'1980) in each 
of the classes with which we were working; four in Tr^ansburg, the 
five seventh grEde classes in Vestal ^ and the four eighth grade classes 
in Vestal* Since we were trying to determine If there had been any 
change In attitudes relative to the areas that we defined, the first 
adnilnistration would provide a baseline for subsequent assessments during 
the school year. Three assessments CSaptember^ December, and March) 
were conducted in Trumansburg. Only two assessments (in September 
and March for the Vestal seventh grade, and September and April for 
the Vestal eighth grade] were administered In Vestal since they were 
delayed in using the strategies , 

Questionnaires were con^leted anonymously, thus only class averages 
were computed. Since 'this instrument did not live up to the expectations 
of the project staff, only totals for each entire group, that is, all the 
students for each teacher, have been reported below* See Table VIII^l on 
the next page, 



Table VIII. 1. Results of the Attitude Assessiiients given to the three groups of students. Numbers indicate 
average score for all itudents in that group, Nuinberf in parentheses are the N nuiiibors for 
that sample. Fluctuations in the N numbers due more to daily changes iii attendance, rather 
than inoveiiient in and out of the school districts, 
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Sept. 
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March 


Sept. 


Dec, 


March 


Sept. 


Dec, 


March 


Sept. 
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3.61 




1.79 


3.92 


3.3S 


3. 56 


3,63 


3.86 


4.16 


4.25 


3.16 


3.08 


3,10 






(84) 
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(79) 


(84) 
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im 


(84) 
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(79) 


(34) 


(77) 
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ABOUT SCIENCE 


REAC 


IING 


LABORATORY WORK 


NATURE OF SCIENCE 












r> 
i 
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Sept. 


March' 


Sept, 


March 


Sept. 


March 


Sept, 


March 






































if) 


3,77 

(US) 

1 


4.60 

(roj) 


3.35 
(US). 


5,29 
(102) 


3.96 
(11§) 


4.12 , 
(102) 


3.38 
(115) 


3.27 
(102) 









mm ATTITUDE 
ABOl/r SCIENCE 


ATTITUDE ABOUT 
READING 


ATTITUDE ABOUT 
LABORATORY WORK 


ATTITUDE ABOUT THE 
NATURE OF SCIENCE 


00 
1 

J 


Sept. 


April 


Sept. 


April 


Sept. 


April 


Sept. 


April 


< ' 

H 

W 

(11 

> 


3.60 
(83) 


3.48 
(81) 


3J1 
(83) 


3.31 
(SI) 


4.11 
(B3) 


4.25 
(31) 


3.47 
(83) ' 


3.38 
(81) 
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Analxsis of Results : 

Although soma of the classes and groups showed statistically 
iigniflcant positive changes in attitudes in most of the categories, 
no definite pattern or trend developed as a result of the introduction 
of these strategies. Several reasons that could affect the validity 
of this type of instrument should be discussed. While the students 
showed some gains in attitudes, that does not preclude the Influence 
of other factors such as teacher personality, difficulty of the subjept 
matter, or students' liking laboratory work (noticenhe generally higher^ 
scores for attitude about laboratory work in each of the groups). 

It Is encouraging, however, to see that all the groups are generally 
positive about their schooling Canything above a 3 suggests ^'agreement" 
^ith the statements and categories). But, agpin, other factors can 
influence that attitude level. 

Formative Informat ion on Attitudes : 

- - — -fe - — 

During the course of clinical interviews and the more Informal 
interviews with the students of the project., impressions and feelings 
were solicited regarding the value of concept mapping and the ''V^' 
strategiess In addition, their attitude assessment questionnaires 
provided space for^students to react to the class, the project, or 
the questionnaire itself. Representative comments from the students 

0 

from all these sources are reported bt.low. If a question was asked, it 
is shown in caps. Though many of the questions and answers deal witfh 
cognitive elements, attitudes and feelings ^^e also eKpressed in the 
students' remarks. 
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Somatimms the "V" nmkeB it easier to understand the lAbs wm da in class. 
At first, I didn't mnjoy thmaif but I do now beaaase thmy help mm to undar- 
Stand thm lAbs* 

Gmnermlly, the "V's" help me undmrstmnd what I'm doing better " but at 
times they get me more oonfuMmd, I get most confused on records mnd 
trmnmformAtiom * * * . Concepts are pretty easy jnost of the time, but 
Bommtimem they're extremely difficult [too]* 

.4 

IS THE "V" MY aodp? 

Yeah, it gives you mn answer to your gue&tion. It gives you a detailed 
mnswrnr to what you want to know in m . - * simpler form, 

Um IB IT DIFFERENT, THOUGH, FROM A LAB WHERS YOU DON'T USE THE "V"? 

Well, the lab where you don't use the "V" — I don't know, I just hmva 
trotible remembering the basic thing in ^e investigation — what the 
investigation is all a^ut* 

The staff collectid^ many more conmtnti about concept^ mapping than 
the --V-- itrategy. This is, of courie, due to the fact that concept 
mapping was aSBessad in part with clinical interview on a one to one 
baiis as indicated in th# previouB section on concept mapping (Section 
V of this report) . , 
IS CONCEPT MAPPING ANY GOOD? 

Yeah.,, if' you save those [concept maps], it's alot easier to review^ 
instead of reading all those chapters over again. And it takes longer 
than just reading, but it's worth it if you want to review for a test 
or something, 

HOW DO YOU FEEL ABOUT CONCEPT MAPPING? 

At first, it was confusing. We didn't know what to do, but then it got 
easier and you could do it faster... [it got easlmr] after we did a 
couple of them, 

ARE THEY [CONCE^ MAPS] ANY GOOD FOR YOU? 
Ymah, they help me alot. 
WHEN DO THEY HELP YOU OUT? 

Well, most of thm'timm, when I read, I can read fast, but it's fun 
when I go through It. It laoncmpt mapping] gives me awhile to understand 
whMt's going on in my reading. But concept maps help you, mo you know 
what you read, ind you understand what you read. 



I 
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We, asked students to cbmpare the strategv of concept mapping to, 
conventional note-taking. Although reactions were mixed, we did find 
students thought concept mapping to be of value. 

mAT DO YOU THINK ABOUT PVTTim STUFF IN [CONCSPT] MAP FORM? ^ 
[It] hmlpm mm undmrMtmnd things -^ttm^* 

It hmlpm mm andmrstmnd tiiinga morm than a bunch of notes and &tuf^, 
all maram^lmd togmthmi,, ^ ^ 

YOU MEAN THE NOTES YOU TAKE IN CUSS? 

Yeah, 'aauBB you aan put thmm right in ordmr and thmn just smpar^tm 
-thmm from what yoa'rm doing ^ 

.If yau study for a test, you got all thm right notes* All you gotta 
rmad i&.a word, a word right thmrm, 

IF YOU HAD A CHOICE BETWEEN NOTE-TAKING AND CONCEPT MAPPING, WHICH WOULD 
YOU USE? " - - . " 

Notm^taking. 

^YQU LIKE THAT BETTER?'' ' 

Wmll, it-m maBimr for mm to do. . ^ 

TO itticr A CONCEPT MAP IS HARD? ^ / ■ ' ; \ .r 

Somm^immM, ymah to figurm our what, things br4nch off from othmrs. 

hoULD YOU UBS pUTLlNiNG [NOTE^TAKING] THE SAME WAY YOU USB CONCEPT ^ 
MAPPING? . / ' \ 

It would bm maMimr to do thm outlinm, but with a aonampt map it matchms 
togethmr bmtter^ It rmkms a little morm smnsm, 

WHAT DO YOU MEAN "IT MATCHES TOGETHER''? " ^ : 

Wmll, likm you can tmll of thm different parts of thm topic. ' » 
WHAT DO THE BEST OF YOU THINK? . ' 

I think outlining is eaBimr. You're not dealing with as much stuff. 
You*rm not, likm, drawing linms, [putting] lines on this side ^d ^ 
that side. \^ou*rm just putting thmm down under ' certain amtmgories 
like a,b/ and C, Stuff likm that. 



IX. STATISTICS AN| ANALYSIS 

Although the preceding chapters provided the major overview of the 
introduction ot the concept ^mappiifi and the *'V*' strategies in the classroom^ 
and, some preliminary analysis, this 'chapter will report a more comprehensive 
statistical analysis of all^the data* To characte^ze the populations of 
students with whom the 'project worked, scores from standa'^flised achievement 
tests for each group of students are reported , These will then be followed 
by an examination of the change of concept mapping scores over time. Further 
concept mapping performances will be related to the standardized scores 
reported* 

Since the "V^* for laboratory exercises was only done with the seventh 
grade students^ in Trumansburgi there can be no comparison between that group 
of students and the instructed seventh graLt^ students in Vestal, The scores 
for the laboratory exercises written on the --V" will be related to the 
standardi^ad scores for Truanansburg, One comparative study between the 
Trumansburg group and the Vestal eighth grade group can be reported. Each 
of these was evaluated on their performance to identify , defines and pick 
out exampias of parts of the '^V'*, 

The most comprehensive evaluation involved both Instructed and unin- 
structed students and dealt with conceptual questions. Both the "winebottle*- 
and "electricity" examples will be discussed in detail. 
''T In addition to ,tha evaluation strategies employed by the project 
Staffs we also examined the mean scores on classwork and final examinations 
for the three groups . 

■^e final aspect of the analysis reports corr.elations among thirteen 
variables , ' , . ' 




Standardised Tests to Characterize the Student Populations : 

The three gj^oups of itudents with whom we worked during tha 
1979-1980 school year had been administered some sort of standardized 

s 

test tp assess prdgreas in the school program and to offer diagnostic 
information regarding progrMS and placement during subsequent years. 
The Scholastic Aptitude Test (SAT) was administered to the students in 
Trumansburg at the middle of their sixth grade (January, 1979), Similarly, 
the SAT examination was administered to the (then) sixth grade of Vestal 
during the month of Jajiuary, 1978* These, were the eighth grade studenta . 
, of our study. A School and College Abliity Test (SrAT) was administered 
to the Vestal, seventh grade ln=_ January, 1979, 

Since there exists a difference in^ time between, administration of 
a standardized test and the participation in this project, some of the 
info nnat ion -given below must be read relative to the time the students ^' 
were examined. The project had no control over what examinations were 
jiyen, or when they weire administered. We had to rely on only the' infor- 
mation that ^ the schools were kind enough ^ to provide to us,^ 

Table IX* 1 on the next page reports the mean averages for the SAT 
and SCAT scores for the three samples of our study. Table IX, 2 reports 
the malysls of these scores into quartiles for each sample. 
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Table IX, 1. Standardised achievement test results for experimental groups 
expressed as national grade equivalents or raw scores and 
national percentiles, 

« 





81) administered in January, 1979 






Standard 




Mean 


Deviation 


SAT Reading: Grade Equivalent 


8.20 


2.03 


SAT Reading: Nat»l %tile 


64,64 


25.30 


SAT Math: Grade Equivalent 


7.91 


a . 84 


SAT Math: Nat'l %tile 


61.82 


25.02 




admihistered in 


January, 1978 




Mean 


. Standard 
Deviation 


SAT Reading: Grade Equivalent 


9.06 


1.69 


SAT Reading: Nat'l %tile 


78.00 


19.96 


SAT Math: Grade rquivalent 


8.82 


1.61 


SAT Math: Nat'l %tile 


78.00 


20.51 


VESTAL 7th Grade (N = 101) 


administered in March, 1979 






Standard 




Mean 


Deviation 


SCAT Verbal: Raw Score 


444.59 


13.66 


SCAT Verbal: Nat'l Itile 


66.49 


24.95 


SCAT Quantitative: Raw Score 


459.23 


18.15 


SCAT Quantitative: Nat'l %tile 


73.93 


23.15 
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Table IX. 2. Experimental groups standardized achievement test results 
by quartiles as ranked on national norms. 



acnoui Q 1 est 


Quart ile 




Mean Nat ' 1 
Itile 


Trumansburg 








SAT Reading 


1st 


17 


28.88 




2nd 


23 


S2.43 




3rd 


21 


78. 04 




4th 


20 


85 , 00 


SAT Math 


1st 


18 


28.55 




2nd 


20 


48.80 




3rd 


23 


71 . 48 




4tn 


20 


93.65 




Vestal-8th 








SAT Reading 


1st 


18 


48.06 




2nd 


21 


7.5.67 




3rd 


20 


89. 80 




4th 


18 


97.56 


SAT Math 


1st 


18 


48.33 




2nd 


19 


74.95 




jrd 


21 


89 . 71 




4tn 


19 


97,89 


Vestal -7th 








SCAT Verbal 


1st 


32 


28.00 




2nd 


30 


57.50 




3rd 


31 


79.26 




4th 


28 


94.82 


SCAT Quantitative 


1st 


29 


37.74 




2nd 


36 


51.61 




3rd , 


26 


87.15 




4th 


30 


97.67 



/ 
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Examination of these two preceding tables show that the sarnples of 
students in thi project demonstrated higher mean scores than the national 
norms. This can be expected^ since the two school districts of the study 
were either rural -suburban and comprise populations with average or above 
average iocio-economic status^* However, as the data are analysed in 
the following pages, it will be shown that students who measure compara- 
tively low on itaridardized tests can perform adequately on the concept 
mapping and "V" strategies* 
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Concept Mapping : 

One of the corrollary questions to this project was whether students 
improved over time in their ability to construct concept maps. Several 
clinical interviewi were conducted in Trumansburg (October 'November , 1979) 
Clinical interviews were also coriducted in Vestal with both seventh and 
eighth grade instructed students CJanuary^ 1980). The results of these 
interviews are reported in Section V, Tlie data showed a general trend 
from early improvement toward a 'Reveling off*- for the remainder of the 
interval, - * , . 

Other assessments j conducted during April-May ^ 1980 j did not use the 
clinical interview protocol , but rather assessed students during regular 
class time. For the purposes of comparison, thirty-two of the students 
who were part of the earlier clinical interviews received the same para- 
graph as previously^ while thirty-four of those previously interviewed 
received different paragraphs. In all cases , the students received a 
paragraph to map that was related to course subject matter that had been 
discussed that year. 

Figure IX. 1 ^hows a frequency distribution for the change in concept 
mapping scores for those sixty-six students who were assessed at two 
different times during the year. Generally, 15% of the sample performed 
at a lower level than they had during the previous assessment. Although 
it Is not shown specifically In the figure, 21% of the students C14/66) 
exhibited no change In their total score from the first ^assessment to the 
second* Sixty-four percent of the students did better on the second assess^ 
ment than the first. Of interest , though, Is the average scores for those 
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Figure IXtl, Frequoncy diatribution for change in total seora for students 
who mad. concept maps during two evaluation sassipna. Means 
indicated for those ^students who had identical paragraphs 
as previously ("same"] and those who were evaluated with 
different paragraphs ("different'O , 66, 



students who had the same paragraph and those who did not. As indica^.ed 
in the figure, the mean score gain for those students who had the same 
paragraph was 16.13s while it was double that (34.74) for those students 
who did not have the same paragraph, suggesting either that the second 
paragTaph was easier to map or that students showed more motivation in > 
this '^new'' paragraph. 

From this Jftaj it can be suggested that the inajority of students 
improve in their ability to maka concept maps over a four month period. 

Although we could not conduct further assessments, it seems reasonable 
to assume that students, after a time, will begin to '^level off" in 
performance, as was the case in Trumansburg where students had more 
experience in concept mapping over a longer period of time, A factor 
that might have also affected these results was that the first assessment 
was in a clinical interviewing setting and the second in the classroom. 
Admittedly, students art nervous during the clinical interviews, no 
matter how comfortable the interviewer attempts to make them feel, and 
this could accotmt for the lower scores on the first assessment. 

Another question tha,t may be important to the implementation of 
concept mapping is the performance for each quartile of students as 
measured on standardized achievement tests. Table IX, 3 illustrates the 
results of the seventh grade Vestal students for percentage total of 
baseline map scores against the four quart lies for those students as 
measured on the SCAT, Figures IX, 2 and 3 shorn the general trend for student 
in the highest quartiles to show higher performance on the concept mapping 
task. Nonetheless, there are clear indications that students in all 
quartiles can acquire and perform adequately on this strategy, Thirty-one 



Table IX. 3. Frequenc)? distribution for percentage total of baseline maps for concept 
mapping and performance on SCAT classified according to quartiles. 
Two cases received a grade greater than 1001 since those two students 
constructed concept maps better than the baseline map. 



Frequency Range 
of total of the 
% of baieline 


1st 
(28.00) 


SCAT - 

(f 

2nd 
(57.50) 


Vnrbal 

lean for 1 
3rd 
(79J6j 


that quarl 
4th 
(94 J2) 


SCA 

tile; Ves 

1st 
(34.74)' 


lT - Quant 
tal - 7t^ 

2nd 
(51,61) 


itative 
i) 

3rd 
(87,15) 


4th 
(97.67) 


0^'= 29 


11 


a 


4 


4 


11 


a 


4 ^ 


4 


30 " S9 


14 


14 


12 


9 


12 


17 


12 


a 

..1™ 


• 60 = 89 


6 


7 


13 


8 


5 


10 " 


10 


10 


90 ■ 109 


0 


0 


0 


2 


0 


0 


1 




1 
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Tablt IX, 2. Frequency distributloh for percentagt total of baseline 
mapi for concept mapping. and performance on SCAT-Verbal 
aceording to quartllps. Those cases where -students scored 
higher than 100% indicate where they made a concept map 
better than the baseline maps 



20, 




Table IX, 3. Frequency distribution for percentage total of baseline 

maps for concept mapping and performance on SCAT-Quantitj?=- 
tlve according to quartiles. Those cases where studentn 
scored higher than 100% indicate where i they made a concept 
map better than the baseline map. \ 
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percent of the students in the first quartile for SCAT-Verhal and 28^5 
of SCAT-Quantitative first quartile have scores greater than 50^? of the 
baseline score. Again, it is believed that if students have been given 
sufficient instruction in the criteria for making concept maps, the 
general scores for these percentages would have been greater. Further, 
if the amount of time on task had been increased from its low rate 
(5-15%) to a significantly higher percentage of time, students would 
have increased in their proficiency with a tendency toward mastery learn- 
ing. 

It should be noted that significant numbers of students in the top 
quartile on SAT tests were among the low scoring group on concept mapping 
performance. In part, this was due to their lack of effort and/or mis- 
understanding* but at least some of the lower performance could indicate 
a lack of ability to perform the type of evaluation tasks demanded in 
concept mapping* There is increasing evidence that students who perform 
high on standardised achievement tests or objective classroom tests do 
not necessarily understand the material they have studied* Concept mapping 
may prove to be a more valid indicator of meaningful learning than commonly 
used evaluation methods. 



The Knowledge '*V-^ : 

As mentioned earlier, .the ''V* strategy was introduced too late in 
the Vestal school to accumulate any records of students^ perflirTnances 
on using the ''V'* for laboratory exercises. This, of course, caiised a 
loss of an important aspect of comparison between the Trumansburg group 
who had been using the strategy since the beginning of the school year 
and the Vestal groups, ^ 

V/hat can be assessed, however* from the Trumansburg students was 
how well they performed on laboratory exercises using the ''V over time 
in comparison to their standardisfed scores; this has already been 
reported in Section VI, Examination of t'hose data indicates that students 
do appear to improve in their ability to use the strategy of the knowledge 
"V** over ^the course of a school year. The initial low scores in lab exercises 
^2 and (exercise ^1 had a small sample number, and will be disregarded 
in the analysis), might have been^due to the relative difficulty of the 
exercises. But after several ^weeks, the. students did begin to pfrform 
adequately on the subsequent exercises. It is realised that t^ compare 
these laboratory ^exercises together Is inviting a criticism of Invalidity 
since we must assume that all the exercises be considered of equal difficulty 
and comparable in terms of time spent on each exercise In^ class, >s well 
as other factors. 

There is another consideration that should be discussed concerning 
the scores of students uslng^he W^S^-^^^^ W s ore- for each laboratory 

e.terc4se wai~~eighteen , and most of the exercises written on the **V'* clustered 
around the rangi of twelve to sixteen, ' Indicating a percentage range from ^ 



6$% to 38%, The reason for these comparatively low scores* may have 
been due to the lack of effort on the project staff and the teacher to make 
the criteria for assessing the ^'V^s*' explicit to the students, If the 
students had been made aware of the range of scGring for each criterionj 
and had been provided with clear cases of each marking , it is believed 
tnat the average score would have been higher, Another factor is that 
clear emphasis on theories and principles is generally lacking in junior 
high school science programs, resulting in a "ceiling'^ of about sixteen 
points. Thus, we might conclude that most students reached as high a 
level for the *^V" strategy as could be expected ^ given the circumstances 
undtr which it was introduced and used. 

For the purposes of comparing performances on using the '-V for 
laboratory exercises against standardized scores, Tables IX. 4 and S 
are given below. Table IX. 4 represents the quartile breakdown for all 
the laboratory exercises completed on the ^'V** CN-446) during 1979-1980, 
One-hundred and eleven laboratory exeipcises were completed by students 
classified in -the first quartile for SAT Reading, Of those students, 
44% scored in the high range CIS-IS)^ 44% scored in the middle range 
(I'il), and only. 12% scored in the low range (0-6). For the SAT Math, 
the percentages are not that different. For the one-hundred and fifteen 
laboratory exercises completed on the **V*' from students classified in 
the first quartile of SAT Math, 51% scored in the high range, 39% scored 
in the middle range, and only 101 scored in the loW range. Table IX. S 
ill\istrates the mean for all students who completed laboratory exercises 

'^Teachers often use scores around 90% to Indicate mastery. Considering 
the limitations of the science curriculum, however, an 80% mastery criterion 
might be high* ' ^ » ' • 
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Tabla rx.4. Frequency distributions for scores of laboratory exercises completed 
in Trumansburg (N - 446) against quartile scores for SAT. Mumbers 
'in parentheses indicate mean percentiles on national norms for each 
quartile. ^ 







SAT 


- Roadin 


T 




SAT - Math 




' Scoring 


1st 


2nd 


3rd 


4th 


1st 


2nd 


3rd 


4th 


Range 


(28.88) 


(52.43) 


(78.04) 


(85.00) 


(28.53) 


(48.80) 


(71.48) 


(9 ^.65) 


13 - 18 


49 


90 


32 


97 


59 


64 


90 


105 


7 - 12 


49 


59 


53 


45 


45 


61 


66 


39 


0-6 


13 


3 


0 


1 


11 


4 


1 


1 



i 



Table IX. 5, Frequency distributions for me^s for all students who completed 
laboratory exercises (N ^ 61) against quartile scores for SAT. 
Numbers in parentheses indicate mean percentiles on national norms 
fgi' each quartile. 







SAT - Reading 




SAT - 


Math 




Scoring 
Range 


1st 
(28.88) 


2nd 
(52.43) 


3rd 
(78.04) 


4th 
(85.00) 


1st 
(28.55) 


2nd 
(48.80) 




3rd 
(71.43) 


1 4th 

1 (93.65) 


13 - IS 


1 


6 


9 


13 


2 


3 




9 


j 15 


7 - 12 


15 


7 


6 


4 


14 


8 




S 


' 2' 


0-6 


0 


0 


.0 


, 0 


0 - 


0 






1 0 
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using the *'V'V 'iVhile 761^ of the students classified in the fourth quartile 
for SAT Reading avenged in the high range, 94-^ of those students classified 
in the first quartile for SAT Reading were able to achieve an average within 
the middle range. No studentSj from any of the four quartile for each of 
th^ parts of the SAT, averaged within the low (O-gJ range. 

The data from both these tables support the conclti^sioii that students 
in all ability quartiles, as measured by SAT tests, can perform satisfac- 
torily C7-12) or well (15-18) on **V^^ mapping. ^Vhen we take into account 
that a few students in the Trumansburg classes were doing next to nothing 
in any of their science work (out strategies notwithstandingl , the data 
are Indeed encouraging. This claim receives additional validity from the 
fact that some students in the top quartile perform poorly, suggesting that 
the usual measures of ability do not necessarily indicate facility in 
**V'* mapping. * 

One opportunity did pr^esent itself to seek a comparison between two 
instructed groups ^xelative to the use of the "V'\ Both Trumansburg and 
the eighth grade Vestal' group were assessed to determine if the students 
could identify, define, and give examples of terms of^.the ''V. Preliminary 
data, from'both these groups, are reported in Section VI*, 

As mentioned earlier, Trumansburg was assessed twice, once in October 
and again In April (week 26), Because of the very different nature between 
the first and second Trimansburg assessments, the results of the second 
administration arekonly reported. Furth'er, the question of whether the 
the first assessment had any effect on the performance of the second 
assessment seems at least very minimal since the two instruments were very 
different in structure and content. Vestal had the revised instrument 
-administered in May (week 33). " 
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The instrument was composed of thi^ee qtie^tions. Question ^1 
asked the studen" to place each of the nine terms of the ^'V*' in their 
proper positions . Question^2 asked the student to define, in their own 
words I each of the nine terms. Question ^3 asked the student to pick out 
examples of each of the terms given In a laboratory exercise that was 
completed in class during the school year. Since the Vestal eighth 
grade and Truman sburg seventh grade were covering different material, we 
necessarily administered different comnleted laboratory exercises for 
th:s third question* (The entire instrument with the two laboratory 
exercises are illustrated on pages V-10 and V-11 in Appendix TO Both 
groups of students, then, had identical Questions ^1 and #2^ but a different 
Questions #3. - 

Tables IX. 6 and IX. 7 report the t_-tests comparing the performance for ^ 
the Vestal eighth grade and the Trumansburg seventh grade on the first 
two questions on this task. The statistically significant difference 
between the Trumansburg and Vestal groups seems to indicate that students 
perform better on this type of evaluation the longer the e>^osure to the 
strategy* Trumansburg had begun using the strategy at the beginning of 
the school year; there was a three month delay In its" implementation 
in the Vestal eighth grade* While, we realise that there is a problem of 
validity of comparing both groups on their performance in Question #3^ 
Table IX* 8 shows no statistically significant difference between the two, 
IVhile any claims that attempt to explain this result must necessarily be ' 
very cautious, it does seem to suggest that, even after limited exposure, 
to^ the strategy, studentj are able to identify oarts of an 'inquiry 
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Table IX. 6. Comparison of means for Questioh ^1 CIdentifying parts of 
tha'''V*»3, Trumansburg - April, 1980^ Vastal C8th> »^May, 
1980. ' 



Group 


Week 


N Mean S.D, t-value df p 


Trumansburg 
Vestal 


26 
33 


75 17.87 1. 15 . ■ 

7.82 133 .0001 

80 14.39 3.87 


Table IX, 7. Comparison of means for Question #2 (Defining terms of the 
^'V'O, Tr^ansburg - April, 1930^ Vestal CSth) » May, 1980 


Group ^^eek N Mean S.D. t-value df v 


Trumansburg 
Vestal 


26 
33 


75 14.23 2.93 / qq^^ 
80 11.92' 4.42 


table IX. 8. Coti 
tei 
* Api 


ipari! 

■ms Qi 
•il, '. 


/ 

ion of means for Question #3. (Picking out examples 
! the "V" given a laboratory exercise), Trumansburg 
1980; Vestal C8th3 - May, 1980. 


Group . Week N Mean S,D, t-value df p 


Trumansburg 
Vestal 


26 

33 


75 13,35 3.18 

0.703 133 .472 

80 12.89 4.85 



erIc ' 
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according to **V" terms if thBV are familiar with the subject content. 

IVhile not reported in table form/ a breakdo\>m by individual terms 
of the "V*- C^*g*. "theory,-* ^^racords/* etc.) showed that the Trumaniburg 
group icored signficantly higher for '^objects," ^'recordi," -'events/* 
*'transformat'Lons, " "knowladge claims," and "focus question,'* Vestal, on 
the other hand, was significantly higher than Truman sburg for the one 
term of "theory.** This may reflect the stress placed on scientific theories 
in that particular science program, and the generally greater emphasis on 
thaoretical models in junior high physical science curriculums. The 
theoretical structure of the biological sciences was not stressed in the 
Trumansburg classroom* TJiis was due in part to the descriptive nature 
of junior high school biology programs that stress descriptions of plant 
and animal structures, and minimise discussion of broad explanatory 
theories or principles. 

Considering that the Trumansburg seventh grade sample averaged at 
the 65th percentile on national norms and the Vestal eighth grade group 
ayeragad at the 78th percentile, wa have further evidence that the --V" 
mapping strategy can be acquired by seventh grade students as well as 
eighth grade students. In fact, both groups seemed so successful at this 
kind of task, and the "V" in general* that there seems to be no reason 
why the "V" mapping strategy cannot become part of those grade levels. 
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Conceptual Questionii '*WinfbQttle'' Example s 

As mentioned aarliar, the conceptual, questions provided our best 
means of comparing instructed and uninstfucted groups of students rela- 
tive to their use of the strategies. The major theoretical issues and 
the problemi that had to be overcome are discussed in detail in Section 
VII of ^hls report, Tlie following is provided to demonstrate the 
sipiificance of this type of evaluation, and the inplications that can 
be drawnti from its administration with both instructed and uninstructed 
students. 

Both the ''Winebottle'- and ''Electricity" examples were tested with 
eighth grade students in Vestal, In this case, we worked only with 
two of the four eighth grade instructed classe.s. For the uninstructed 
group we solicited the help of another part-time eighth grade teacher 
who taught two sections in the afternoon. In order to characterise 
both populations for this, and ths ''Electricity" example, we performed 
a t-test to compare the means between the instructed and uninstructed 
groups of their performance on the reading and math parts of their 
SAT tests. Tables IX, 9 and 10 represent the findings of this analy- 
sis. With the low ;t-values for the reading (0,69) and the math 
(0.82) with corresponding probabilities of 0.493 and 0,413 respec 
tively, we can state that there is no statistically significant differ^ 
ence between the two groups in their mean scores for both the reading 
and math parts of the SAT. 
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Table IX*9.* Comparison o£ means for SAT reading percentiles for the 

instructed and uninstructed groups of eighth grade student 
in Vestal, New York, 



Group . 




Mean 


S,D. t-value 


df 


P 


Instructed ' 


77 


78/00 


"•96 0.69 ' 


117 


0.493 


' Uninstructed 


42 


75,21 


23.08 







ble IX. 10, Comparison of means for SAT math percentiles for the 

instructed and uninstructed groups of eighth grade students 
in Vestal, New York, 



Group 


M 


Mean 


S 


D. t-value 


df 




Instructed 
Uninstructed 


77 
42 


78. 00 , 
74. S5 


20. 
24. 


S^ 0.82 

26 


117 


0.413 



The "Winebottle" example was. administered to the four groups, (two 
instructed, two uninstructed) in March, 1980. The instructed group 
had had approximately four months of exposure to concept mapping and 
the --V-- strategies, Ih^ students' papers were evaluated in the following 

/manner; for every correct conceptual link that was made between two 
concepts i&*g* ^ expansion is due to the movement apart of the molecules 
in a gas)^ one point was awarded. The number of correct conceptual 

relationships were then tallied. The number of conceptual links that were 
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incorrect C©*g'# the size of rtoleculas increases as- heat is addedi , 
were tallied as well* Tables IX/U and IX. 12 represent the findings 
between the instructed and unlnstructed on their performance of using 
correct or incorrect conceptual relationships in their answer to the 
winebottle example* 



Table IX. 11, 



^jarison of means for the number of correct relationships 
written in the '^winebottle'' example for both Instructed and 
instructed students^ Vestal - March, 1980. 



Group 


N 


Mean 


S.D. 


t-value 


df 


P 


Uninstructed 


42 


1.45 


'1.40 


-3.44 


86 


. ;ooi 


Instructed 


46 


2.61 


. 1.71 









Table IX, 12, Comparison of means for the number of misconceptions (in- 
correct relationships) written in the winebottle example for 
both instructed and uninstructed students ; Vestal - March, 1980 



Group 


N 


Mean 


S.D. 


t-value 


df 


P 


Uninstructed 


42 


0.52 


■ O'. 71 


0..12 


86 


0.749 


Instructed 


46 


0.48 


0.62 
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Examination of Table IX. 11 reveals that students who had • 
training in the use of concept mapping and *'V*' mapping performed 
signficantly better on the number *of correct relationships used in 
answering the **^ihebottle" example. This leads to the inference that 
the use of these two strategies can significantly increase the meaning-- 
ful learning process by providing a means to analyze some events and 
. then to organize the relevant concepts in such a manner as to "make 
sense-' of the proposed event. Without these strategies, fewer correct 
conceptual links are made. 

What is interesting^ though, is the comparison of the number of 
misconceptions offered by both groups of students in their answers* 
Table IX* 12 shows that there is no statistically significant difference 
in the means of the number of misconceptions written by both groups. 
Although concept mapping can be a useful tool for revealing concept 
misconceptions s we observed little instruction that employed concept 
mapping as a tool to help students (and teachersl explicate misconcep- 
tions and move to identify requisite additional or alternative concept 
relationships that could result in recognition of and/or uprooting 
of these misconceptions. Obviously , the degree of meaningful learning 
that is occurring is not related to the conceptual structure as it is 
understood by experts in the discipline, but is related tp the ability of 
the student to consciously link new concepts to ones already possessed. 
This will be discussed further in the next chapter. 
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Conceptual Questions; ^^Electricity*^ Example : 

The "electricity'* example provided some interesting information for 
our project group as we attempted to become more sophisticated in 
this kind of evaluation strategy. In the ^^winebottle'^ example, we 
lumped all the students' Qonceptual links into two main categories, 
**correct relationships-' and "misconceptions J' In this example^ we 
classified the answers into a number of different categories which reflected, 
we believe, the kinds of conceptual^ links established^by the students in 
their answers. Section VII reports on the number and identification 
of these categories. . 

Here, as in the example previously, the means between the instructed 
and uninstructed groups of students were compared. Table IX, 13 represents 
this coTt^arison for each of the four categories of correct "atomic," 
"electrical," ""h>^othetical," and "logical" relationships, as well as the 
mean total number of correct relationships. Table IX, 14 represents the 
comparison of means of the categories of misconceptions, "atomic," and 
"electrical^" as well as the mean total number of misconceptions. Because 
no "hypothetical" or ^'logical" misconceptions were recorded, these have 
been deleted from Table IX, 14. 

In each of the categories, "atomic" and "electrical," the instructed 
students performed statistically significantly better than the uninstructed 
group of students. In the category of ''hypothetical" relationships, the 
=uninstructid group performed better than the instructed group. Thls^ may 
indicate that the uninstructed group was more speculative in their attempt 
to provide an adeauate explanation for the electrical event posed in the 
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Table IX, 13. Comparison of means for the number of correct relationships 
identified hy instructed fl) and uninstructed (U) students 
in the '^Eiectricar^ conceptual question. Comparisons for 
each category and total score. N "'for instructed and unin- 
structed are 81 and 42, respectivedy. Vestal, June, 1980, 



Catagory/Gro 


up 


, Mean 


S.D. 


t -value 


. df 




P 


Atomic 


U 

•; I 


0.60 
1.03 


0.59 
0.91 


-2.78 


121 


0 


.01 


Electrical 


U 

r 


1.47 

2.05 


1.10 
1.14 


-2.67 


121 


0. 


.01 


Logicai 


u 
I 


0.07 
0.05 


0.26 
0.27 


0.44 


121 


0, 


,66 


Hv^othetical 


u 
r 


0.45 
0.16 


0.80 
0.49 


2. SI 


121 


0. 


01 


Total 


u 
I 


2.60 
3.28 


1.33 
1.'68 


-2.31 


121 


0. 


02 



Table IX. 14. Comparison of means for the niimber of misconceptions 

identified by instructed (1) and uninstructed (U). students 
in the ''Electricity'^ conceptual question. Comparison for 
categories of "atomic," "electrical" and total. N for 
instructed and uninstructed were 81 and 42, respectively. 
Vestal, 1980. 



Cat egory/ Group 


Mean 


S.D. 


t-value 


■df 


P 


Atomic 


U 

i 


0.41 A 
0.33 


0.59 
0.59 


0.64 


121 


0.53 


Electrical 


u 
I 


0. 17 

0.30 


0.,44 
0.62 


-1.21 


121 


0.24 , 




u 


0.57 


0.30 








Total 


I 


0.63 


0.87 


-0.36 


121 


0.72 



qutstion to the students. In the category of '•logicar- relationships, 
the two groups showed no statistically significant difference, Furtherj= 
in the categories of misconceptions of "atomic** and **electrical*' 
principles, no significant differences wera found between the two groups. 

' Thast findings saam to corrotiorate what was already determined in 
the **winabottle*' example: instruction in the strategies of concept 
mapping and the "V" had some affect on meaningful learning of conceptSi 
and that these students are able to make the conceptual links better 
than students who were tminstructed. . 

With the categorx of ^'logical" principles', no significant 'difference 
was found batwean the two groups. The logic skills' may ba independent 
of subject matter J or thay may be dependent upon years of accumulatad 
cognitive development, and hence , do not show change over the compara- 
tively short duration of the study, (see Novak, 1977a, Chapter 8)* 

As in the previous example, there As no differenca between the 
number of misconcej. :ions written by both thp uninstnicted and instructed 
groups. Again, the strategies of concept mapping and "V" mapping appear 
only to organise what the student believes are the relationships among 
the concepts they possess, but do not necessarily distinguish between 
conceptual links that are correct or incorrect, ^fhile. the strategies 
may help students and teachers to see misconceptions, there were no 
eicplicit instructional efforts to reconcila these misconceptions. 

In the: ^'winabottle" example described earlier, all the instructed 
students made concept maps prior to answering the question posed. In 
the ^'electricity" example, half the instructed group was asked to make 
a concept map while the other half was not asked to make a concept map. 
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.The entire group bi instructed students was composed of four classes^ that 
met with that teacher evary day. These classes wtre selected at random 
to prepare or not to prepare concept maps prior to constructing their 
answers. There Is no reason to believe that the classes were significantly 
different from each other, since the policy of the Vestal schools was to 
achieve heterogeneous classes. 

The intent ion of this inquiry was to determine whether the task 
of answering the question posed was' related to the making of a concept 
map immediately prior to the task, or whether the strategy had ^'done its 
job'' already and would not be necessary for tha new task. In other wordSj 
had meaningful learning, facilitated by the use of the cocept mapping 
and ^V** mapping strategies, been accomplisl^d before the administration 
of this kind of evaluation Instriunent, Table IX. 15 and IX. 16 represent 
the analysis of the comparison of the means for those instructed students 
who made concept maps and those who did not for the number of correct 
relationships in each of the four categorle's and for the two categories ^ 
of misconceptions. 

Examination of the data reveals that In only one category Ccorrect 
''hypothetical" relationships. Table 'IX. IS) is .there any statistically 
significant difference between those students who made a concept map 
as part of the evaluation task, and those 'who did not* This seems to 
indicrce that the making of a concept map liranediately py|or to the 
evaluation task is of no substantial value* Rather, the importance of 
using concept mapping comes duriM the regular instruction. This is 
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Table IX. 15. Comparison of means^for the number^of correct relationships 
identified^ instructed students who made concept maps (Yes) 
, . and, those who did not (NoJ in the *'Electricar' conceptual 
* <i question I . Comparisons for each category .^^ Si for those who 
made a concept map and those who did^not are 41 and 40, re^ 
^ spectively. Vestal , June, 1980* 



^ — ^ — — — 
Cat ego ry / Sub - Gr o up 


Mean 




t "Value 




. p 


* ■ No 
Atomic , 

Yeg 

1 


0.95 
1.10 


0.71 
1.07 


-n.75 


, 79 . 


. 0.47 - ■ 


Electrical 

Yes 


2. 18 
1.93 ' 


1.11 

1.17 


0.98 


79 


— — 

0^ 33 , ; 


F . 1 No 
Logical 

Yes 


0.10 
0.00 


0.38 
0.00 


1.69 


79 


0.10 


Mo 

Hypbthetical 


,0. 28 
0.05 


0.64 
0.29 


2 . 14' 


79 


0.04 






5 ^ 


- ^ 







Table IX, 16. Comparison of means, for the number of misconceptions identi- 
fied by instTOcted students who made concept maps (Yes] and 
those" who did not (No) in th# ^-Electricity^* conceptual ques- 
tion. Comparisons for categories of "atomic-' and ^/electrical" 
' only-^ N for those who made a concept map and those who did 

not are 41 and 40, respectively. Vestal, June, 1980* 



Category/ Sub-Group 


Mean , 


S, 


,D. 


t-value 


• df 


p 


No 

Atomic 


0.43 


0. 


,68 


-1.39 . 


79 


0.17 


Yes 


0. 24 


0. 


SO 






















, No 
Electrical ^ • 


0.35 


0, 


,74 


0.77 


79 


0.45 


Yes 


0.'24 


0, 


,49 









consistent with our thesis that concept maps are heuristic deviceSi 
needed only to facilitate meaningful learning. Once the meaningful 
learning has occurred, the construct ion > or re-construction, of a 
concept map may not be necessary. Indfed, it may be a duplication Of 
effort and result in negative motivation. 
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School Measurement of Achievement : 

Conventional science tests are, of course, uaed in b^th Trumansburg 
^and Vestal to track students' progress. Since there"^ is only one seventh 
grade science teacher at Trumansburg, we sought to compare achievement 
Scores for students in seventh and eighth grade classes in the larger 
Vestal school, -Also, a comprehansive final examination test is / 
administered to eacH science grada, and these scores could be j^ied for 
comparison purposes; This final examination requires almost exclusively 
recall of specific knowledge, so the evaluation objective is substantially 
differe'ht from what we were doing with concept maps and the "V" strategy. 

Since we were working with only one of the four seventh grade teachers 
and one of the four eighth grade teachers in Vestal, some comparisons 
cari ^e madi. The average of the final examination for the experimental 
students in the sevpnth grade was 86,51%; for the entire seventh grade 
.is was &l.92%, showing a difference of almost five points. For the 
eighth grade, the e)q5erimental students* average on this examination was 
82,13%; for the entire eighth grade, 82,04%, indicating no large difference 
between the two groups. 

From this, we can see that the introduction of the strategies of 
concept mapping and the ^'V" appears to have no substantial effect on 
the performance of students with respect to conventional classroom and/or 
school -wide evaluation* We will show below that correlation analysis 
supports the claim that our evaluation strategies are measuring something 

# 

substantially different from school achieviment test and typical standard- 
ized achievement test. 
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Correlation Malysis : 

To see if there are prftttms among the various elements or variables 
that fornied the basis of the evaluation for the "Le?arning How to Learn" 
Projeet, and other more .conventional achievement measures , a correlation 
matri^x was rim for thirteen of thpse variables. Tables IX* 26 through 
IX*29 show the correlation matrices for the variables studied. These 
are divided into four broad catagorias scores for concept ^mapping and 
the "V*v conceptual question, standardised testsi and final achievement 
grades to make the matrices easier ^to examine, . ^ 

The task of oi^iicept piapping, represented by the total percentage 
scores in relation to a baseline map, correlated significant ly with the 
ability to identify,! define, = and pick out examples of terms of the **V** 
(0,36^ Pm 0.001). Concept mapping was not correlated, however^ with 
perforniance on the ^'V^' for laboratory exercises (0.07, P'^O.SS], The 
,data suggest that concept mapping involves different kinds of cognitive 
operations than does using the "V**, 

Correlations between concept mapping scores and conceptual questioni - 
was not significant^ ranging around the value of 0.00. This suggests 
that different cognitive performances are required in the two tasks and, 
therafore, we see these evaluation tools as complementary rather than 
redundant. ' ^ 

In relation to standardized scores, ability to construct concept 
maps has essentially zero correlation with SAT scores [Readings -0.20; 
Math, 0.02), but a significant correlation with SCAT scores fVerbal, 0.54; 
Quantitative, 0.31) suggesting that the SAT and SCAT test measure some- 
what different cognitive performances. Relative to final grade and final 
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IX, 17. CorTelatlon mntrix fur Concept Mapping scores^ Idontifying, Defining, and 
Giving examples on the and scores for Laboratory Hxercises using the 
•■V" against other categories of data. Top nuniher is the correlation co- 
efficient; the middle nuniber represents the significance level; the bottom 
nuinber, in parentheses, represents the size of the sample for analysis. 
An asterisk (*) indicates that no records were collected to compare those 
varifl! les. 
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Table IX. 18. 



t.orrelutiDn niatrix for Correct Relationships and Misconceptions for^ 
"Winebottle-' and "niectriuity" examples of Conceptiial Qiiestions again^jt 
other categories of data. Top nuinber is the correlation coefficient; 
the middlu number is the significance level; the hottoin number, in paren' 
theses, reproscnts the size of the sample for analysis, An asterisk (*] 
indicates that !u) records were collected to coinparo those variables. 
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Tahiti Correlation iimtrU for Standardized SAT and SCAT scoros against other categories 

of data, The top numher is tlie correlation coefriciont; the iniddlo niinibur rcpre» 
scnts the sipificance level; the bnttom nuinber, in parentheses, represents the 
size of the sainplo for the analysis. An asterisk i*] indicates that no recorilji 
were collected to coinpare tlio,se variables, 




I'ahle IX. iO. Correlatbn matrix for I'inal Hxaini nation scoros and I'inal CQurse Averages 
against other catugories oF data. The top niiinlior is the correlation co- 
efficient; the niiddlu iiunibcr represonts tho siiini ficiinct^ Iftvel; the bottoiii 
niitnber, in parentheses, represents the size of the sainple or analysis, 
An asterisk (*) indicates that no records were collected to compare those 
variables. 
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examination scores, concept mapning shows a low correlation (0,20, P^O^OS; 
0.11, ps0,16, respectively], These low correlations indicate that con- 
ventional school achievement measures do measure what we regard as 
important aspects of science education that might be better assessed with 
the use ©£ concept maps and '*V*' maps. 

Two forms of evaluation of the *'V'* were performed: identifying, 
defining^ and picking out examples of terms of the -^V-' and using the "V*' 
for laboratory exercises. The cofrelation coefficient and significance 
level for these two are 0.44 and P=0.0001, suggesting a strong relation- 
ship. Unfortunately, the entire source of laboratory exercises using the 
"V" came from Trumansburgj and the conceptual questions administered 
there possessed enough difficulties to preclude their use in the analysis. 
Thus, no correlations were computed between ''V^' mapping scores and concept 
ual questions. For both aspects of the '^V*S there is a high correlation 
between each and performance on the SAT^ both reading and math. Similarly 
high correlations exist between both aspects of the "V*' evaluation and 
final e.'iamination grades fO.24 and 0.53, respectively) and final average 
grades for the year (0.39 and 

In general J the correlation tables support the conclusion that the 
tvaluatibn strategies used account for substantially different cognitive 
performances than school achievement tests and standardised achievement 
tests, with only some 4% to 38% of shared variance between these measures. 
These data may account in part for the fact that school achievement does 
not necessarily reflect future interest and success. in science careers. 



X, CLAIMS AND RECOMMENDATIONS FOR FUTURE RESEARCH 



Major Claims of the Four Research Questions : 

The discussion of the major knov^ledge claims of the ^'Learning How 
to Learn'' Project will follow the format of the original four research 
questions that were asked in Section I of this report. After these questions 
have been answered^ -a list of recominendations for future research will 
be discussed. In addition to these recoimnendations, it should be remem- 
bered that Sections V and VI discussed caveats concerning the introduction 
of concept mapping and the knowledge '*V" into the classroom. These should 
be consulted as well. 

CAN SEVENTH Ai{D/OR EIGHTH GRADE SCIENCE STUDENTS LEARN TO USE THE CONCEPT 
MAPPING AND THE "V" MAPPING STRATEGIES IN CONJUNCTION WITH EXTBTING SCIENCE 
PROGRAMS. 

There appeared to be enough accumulated evidence that supports the 
claims that junior high science students can indeed acquire the strategies 
of concept mapping and "V^^ mapping, and that they can utilize them for their 
readings and their laboratory exercises. The introduction of these strategies 
into the classroom takes little time away from the conventional curriculum 
while potentially increasing the meaningful learning process, thereby making 
the learning of the content material of the course more efficient. Although 
students with higher ability, as asseised through standardized achievement 
tests and classroom evaluation, perform at a higher level of compentence with 
these strategics, high performance was also demonstrated by significant 
nimbers of students in lower quartiles on standardized tests, 

With respect to concept mapping, the students appeared to like to u^e 



this strategy recause it allowed them to "pick apart" a piece of text reading 
or some other study material and to construct relationships among the concepts' 
prasented. This was evidence that more leaningful learning was occurring, 
since there was a conscious effort on the part of the learner to find the 
relationship of one concept to another. The mechanics of making a concept 
map presented no major dif ficultiea, to the students, . They appeared to 
understand wall he ideas of ^-conceptual relations" and '-hierarchy," but had 
more difficulty constructing "cross links." This may, be due in part to the 
nature of the instructional materials, most of which present information 
in a linear fashion with little effort to show interrelationships among concept 
and to refer back to relevant ideas presented earlier* 

Generally, students improved over time tn their ability to construct 
concept maps. Sixty-four percent of the students tested twice during the 
1979-1980 school year were ajble to increase their total score by at least 
2S%* We believe that by making the 3^1#s for constructing concept maps more 
explicit to the students, we can anticipate an increase in concept map scores, 
probably approaching "mastery'^ after some period of time for all students 
who complete assignments. As with any school work, some students made little 
effort to construct concept maps or "V** maps. v 

It shouldbe remembered also that the amount of time on task Involving 
concept mapping (and also thj "knowledge ''V") was estimated to be only between 
5 - 1S% of class time. Differences that existed in performance measures for 
the concept mapping strategy -favored the Trumansburg group C7th grade) , and 
might ^be due to their greater amount of time on task. In any event, it is 
gratifying that most students perfcnned at a high levej of Gompetence with 
such limited expor^ure, . 
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The &iowledge^ '^V*' can be used by students to represent the laboratory 
■exercises they perform in class, and to relate the conceptual and methodo- 
logical sides of any inquiry. Generally, students found the '-V^* harder 
to do than concept mapping, but that might be due to having to "juggle'* 
so many different terms in their minds: What is the event here? What 
are the principles and concepts? How should I word the focus question? 

Another possible reason for students having more difficulty with the 
'*V*' mapping deals' with teacher expectations from the students. The *'V's" 
that most of the students made were completed after they had already written 
convijntional" laboratory reports for the teacher* Since the laboratory 
report was bitten twicer students saw this as a duplication of effort. 
That is not a popular position with junior high students. 

This notwithstanding > students did report, a_nd the evidence seems 
to support this, that the "V*^ helped them to determine what the lab was 
all about, and helped them to separate what was needed to ^e knom from 
the lab. We believe that even this is a significant step to understanding 
the role that concepts play in any inquiry, and indicates that a more 
meaningful learaing of content material is occurring* 

As with concept mapping, the criteria for assessing students' "V's'' 
should be made explicit to the Learners. We believe that this is the 
.reason that students' "V's" began to hover around the tweleve to fourtfeen 
range of scores during the latter part 'of the project, rather than moving 
toward the maximum of eighteen on our scale. If students had been told 
what counts, for instance, as a good focus queitlon, and had been given 
clear cases for each of the levels from zero through three, students 
probably could have improved in each of the ^ five categories o£ criteria. 

\ 



The scope of our study was limited; all the evidence that we have 

acquired on using the '*V*' for laboratory exercises came from one school. 

- \ 

Differences in teachers, students , and programs would have been a fruitful 

medium for exploring the range of *'V** mapping performances, and this 

should be part of future research studies. 

There must also be a considaration of the tem "ex' ting school 

program" as identified in the research question, Alt ^h no evidence is 

reported, there was a growing impression by the staff over the two year 

period that many of the curriculums with which we became familiar ware 

Seriously deficient in the conceptualisations of the subject matter* 

All toL often, we foimd gapping ''holes'' in the laboratory exercises^ or 

where the text presumed that the learner knew more than what he/she actualiy 

did. Reading passages, which were identified as answering some question 

often did not answer that question at all, but rather led the student 

off on a descriptive tangent of some other event or experietice^,__So to 

say that these strategies can be used in conjimction with conventional 

curriculums warrants a qualification. Teachers who adopt these stratfegies 

and their theoretical foLmdations must be wary of the limitations of 

text and curriculum. , ' 

* 

WILL STUDENTS' ACQUISITION OF SCIENCE KNOWLEDGE AND PROBLEM SOLVING PL > 
FORMANCE CHmGE AS A RESULT OF THE STmTEGIES? 

We must be careful to identify wh^t kinds of knowledge we are 
discussing, and how students' perforaances are evaluated. If we discuss 
the acquisitiori of science knowledge (as noted in the qr tion] , that is,* ^ 
the relationships among the conceptualizations of the fields of science 
and their relevance for making sense of events, we can state that the 



introduction of ths strategies has facilitated the meaningful learning 
of those conceptualisations and their relations to events. If, however, 
it is knowledge about 4cnowledga that is being discussedj our case is less 
convincing. We are less confident that student and teachers, as well, 
have acquired in an/ meaningful way these '-meta--' concepts about knowledge 
and the knowledge-making process. This is most likely due to a lack of 
familiarit/ about the strategies and the epistemological and psychological 
principles that formed the basis of the project. 

But this does not imply that there is no evidence that "meta"** 
concepts could have been acquired. IVhile one of the most important aspects 
of the strategies is that they* caused students to begin to understand the , 
subject matter in a more meaningful way, therf seems to be some suggestion 
that concept mapping and '-V-* mapping facilitated also the understanding 
of the structure of knowledge in the science field. As students made con- 
cept maps, they had to identify the most inclusive concept of the readings 
illustrate its rfelationships to rubordinate concepts^ and than show these 
relationships through the lines iravm among them* Given that, students acquire 
a deeper understanding of the relationships among the concepts in a subject 
matter, even though it is doubtful whether they had actually articulated 
any **meta=** concepts about the structure of knowledge, 

l^en we turn to concepts about learning, that is, '^meta-leamingi " 
we are even less confidefit. Although the project teachers did present - , ^ 
the activities from the Teacher's Handbook C^^mndix I, Section II) to 
the students, there is no clear evidence that the princit^les generated 
from those activities' became opex onal In the classroom. In all of the 
clinical interviews and more informal interviews we conducted with studints ' 
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and teachers, and all the classroam yiiitation we made, no evide.ice 
exists that the teachers were utilizing these learning principles in their 
classes * 

We must also be careful when discussing student performance relative 
to the type of evaluation inst.runient used to determine whether there has 
been an acquisition of science knowledge. In terms of = conventional class- 
room evaluation, we found no significant difference between the instructed 
groups of students and the uninstructed in the same school and grade in , 
relation to performance on district-wide final examinations* But we 
believe that these examinations attempted to assess something very different 
than our objectives in this project* Inspection of these final examinations 
led to the conclusion that they were seriously deficie'nt in linking concepts 
in the subject matter, and appeared to require only rote learning to p^form 
well. When we turn to student performance on our ow^^ conceptual questions, 
whuse design utili:^ed the strategies of concept mapping and the "V", we found 
significant differences betweeq instructed and uninstructed students. 
The strategies, it is claimed, assisted the students in organizinf ftheir 
conceptual understanding of'^the subject matter, and utilized that organiza- 
tion to make sense of some new event. Thus, the evidence suggests that , , 
conceptual questions have tapped' the students' cognitive structujes to 
see the comparative degree of meaningful learning. 

If we define p^oblfem solving as the ability to offer an explanation 
to an event using concepts that the student has le^ed in a meaningftil ■ 
way/then our concentual questions can becomeran important aspect of the 
problem solving evaluation of students. Although there is much resfarch 
to be conducted with these conceptual questions, there is slgnficant know- 



ledge now that ^suggests that this form of evaluatiQn has important ramifica- 
tions for the ei^aluation of student understanding of the subject matter,' 

One point needs to be ma^ in relation to these conceptual questions, 
and the use of the strategies of .concept magping and "V" mapping: . IVhile 
Our evidence shows that the strategies can be taught to students, and 
that conceptual questions are a form of evaluation to test for meaningful 
learningj the use of the questions cannot alone rectify misconceptions 

that exist in the students' cognitive structures. The strategies are 

_^ 

tools for organization to assist in meaningful learnings so their emplo>nnent 
without careful attention to the misconceptions of the students will not 
automatically reconcile these misconceptions. In other words, there is 
no substitute for good teaching* 

Does perfotinance on conceptual questions increase as the student^ 
is exposed to this evaluation strategy? It might be expected that students, 
having become 'familiar with the evaluation task, would improve over time. 
Although^.the evidence from the ^^Winebott le^* and '^Electricity" examples 
showed no significant' change from the first to the second conceptual 
question for those experimental students who'^haa-^oth, we believe that 
given enough instruction con^rTst^ly over a. period of time in the strate- 
gies aAd employing conceptual quMtions tfs' part of conventional classroom 
evaluation (tests, homework, laboratory exercises) , we can e?^ect a 
positive difference In student performance on this t)^e of evaluation.,. 



IS THERE A SHIFT TOWARD A MOEE ?QSITI^/E ATTITUDE ABOUT SCIEiYC^ CLASS AS 
A RESULT or THE INTRODUCTION OF THBSF STRATEaiES? 

From the data that was collected during the second year of 

the project, the evidence is inconclusive to answer this que?nion. Two 

forms of evaluatiQn were done to determine whether students became more 

positive in their attitudes about science class. The eighteen item 

questionnaire, we believe, inight indeed probe some of the feelings that 

students have about Science class, reading, laboratory work, and the 

nature of science, but there are many other factors that might affect 

the validity of any claim to be draim from the results of such an 

assessment- For instance, does the shift toward a more positive attitude 

about science class increase as students* exposure to the strategies 

increase? How much is teacher pei^sonality affecting the results? How 

mu..h is the presence of friends (and adversaries) in the class affecting 

the attitudes? Is the program laboratory-oriented or more didactically 

presented? ^^^hat is the general milieu of the school? Of the class? 

How important to the student, his parents, to the community in general 

is a goo|d sciance program in the school? l^at kinds of science programs 

existed at the elementary level, and what effect do they have on student 

attitude'? All of these, taken individually or taken collectively, might 

have some effect on the attitudes that students ha^^^about science class. 

Much morje sophisticated assessments of affective factors would be needed 

' " I 

than wasi poisible in this research project,. 

Fortunately, however , there are some other sources, more direct than 
que5tiQ^]na^res, that can be used to assess students* feelings about these 
strategies: we can ask thsm how they feeli In the clinical and informal 

n r 

j '* 



interviews conducted with the students during the last year of the project, 
we had the apportunitv to ask students how. they felt about concept mapping 
and the knowledge '*V^% and whether they saw any value for them in cheJ.r 
science ^lass . Althaugh concept mapping received better reviews than the 
"V", generally most students thought that both had helped them in their 
understanding of the subject material. But whether improved understanding 
of the subject material Is related to attitudes in general about science 
class remains to be studied further, 

CAN CmSSROOM TEACHERS BE TAMCHT TO INSTRUCT PUPILS IN THE PROPER USE OF 
THESE STRATEGIES? 

The answer to this question has to be a qualified "yes.'* It must 
be remembered that .the strategies of concept mapping and "V" mapping 
involve several levels of t nderstanding: concepts of learning, concepts 
of teachings concepts of the structure of knowledges and concepts of the 
knowledge-making process. 

For the teache^^ in our pilot study, we believe that they had 
attained some comprehension of the strategies as organizational and 
diagnostic tools, thereby becoming important aspects of teaching. 
Concept mapping could be used as a me^s to represent the concepts and- 
their relationships that are presented In the text. As a diagnostic 
tool, concept mapping could be used to represent the meanings that 



students ascribe to concepts. Similarly, the ^'V*« strat 

■ 

teacher with a^quick overview of a laboratory exercise 



sgy provides the 
to organize the 



conceptual side fTom the methodologic^4idej_ani.'fTSvidra clarity with 
respect to the intention of the exercise (focus questions and events) . 
The "V" can be used to visually represent where students went wrong ip 

I. t ' 



Tiheir laboratory exercises, or what cQncepts were not used as part ot 
the left=hand side of the ''V'\ 

However, relative to using the strategies to foster concepts of 
leamingj knowledge-makings and the 'structure o£ knowledge, our evidence 
is scant to say that teachers had acquired this level of understanding, 
« There can be many reasons for this, some of which have already been 
mentioned in the preceding sections. Teachers are very busy people* 
As such, there is little time, given all the duties that they perform, , 
to sit back and reflect on the ideas of this kind of project. Unfortunately ^ 
this situation necessitates a sort of *'shoot from the hip" apnroach to 
any new ideas ^ or forgetting the new idea in favor of older tried and trup 
methods. 

Second, in the two years of the project there was no forum to teach 
the teachers the major epistemological and psychological foundatioi^s of 
the project. As mentioned earlier, fully two=thirds of the two ^ ears of 
the project involved refining the pedagogical strategies ^ base^' upon 
the theoretical foundations, A large turn^over of project staff also 
.compounded the difficulties* This, coupled with no opportunity to work 
with teachers in a leisurely pace with these ideas^ say a two day workshop 
away from the home school ^ resulted in limited understanding of the theory 
behind the strategies. 

We do not wish to imply that the teachers working with us were 
uncooperative or limited in talent. Indeed, the cpposite was true. 
Every teacher we have worked with often sparkled with enthusiasm and 
all would have to be regarded as superior in terms of knowledge of science, 
and talent in working with children. We, the ?3roject staff, were struggling 
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with .finding practical ways to implement teaching] strategiei derived 
from a paychologr of learning ajid a philosophy- of kno. ledge that was 
only marginaUy ,-omprehended by many ox us; we too were learners! 
The remarkable fact is that the teachers were so good, so successful 
in working with us when we were lerming how to "get our act together," 
We believe our experiences, as reflected in this report and in the 
Teacher's Handbook will make it possible for teachers with comparable 
educational skills, or perhaps even less, to aciiieve a large measure of 
success with these jtrategies, 

■ Thus, we are optimistic regarding the improvement of science 
teachii^. There can be significant changes in the levels of conceptuali- 
sations about teaching, learning, knowledge, and curriculum if only the 
forum were provided for teachers. Recent work at Cornell University 
with a modification. of Kagan's (1975) Interpersonal Process Recall CIPR), 
suggests that teachers can indeed change their conceptualisations about 
teaching even with the very busy schedule and within a comparatively 
small time committment (Way, 1981) . 



RecQmmendations for Future Research : 

Several reconimendat ions for futiire research have already been men-- 
tioned in %'ariQus sections^ of this report. For the sake of brevity and 
conciseness J though j they ar^ included in this las^^ection. 

1. It was remarkable to the staff that studenrt-s ^performed so well 
with these strategies relative to the small amount of time on task* 
Further, use of these strategies were limited to one teacher during 
the course of one ^^chool year* It would be enlightening to determine 
what effects wou)a accrue with a horizontal introduction of these strate- 
gies across subject areas, and longitudinally across grade levels* Per- 
haps one yearns, one subject's exposure to the strategies is not enough* 
Could a school using a team approach adopt these strategies in their 
English, science, social studies, and math classes? Of course, the 
nature of the knowledge in each of "these areas would necessarily be differ 
ont, but that does not dismiss the idea that each is a field that 
conceptualizes about some events, ^ and that each field has a structure 
of its own knowledge* Longitudinally, students could be introduced to 
concept mapping as early as first grade. Work in progress in Australia 
by the project director has demonstrated that is is feasible* iVhile the 
*'V^' might be postponed until later, elementary students should be able 
to grasp key apistemological ideas and later to use Gowin*s ^^V'\- Repeated 
exposure to these strategies over several years could lead to significant 
changes in learning, and students^ perception of the nature of knowledge 
and the nature of rational thought (Novak, 1980). 



2. A second recQimnendation deals with the structure of ''convent ionar* 
curriculums and the adoption of these strategies to fit into that curricnUim, 
Although we have found that the strategies can be incorporated into existir:g 
school science programs, we believe that a re-conceptualinations of the 
curriculum is necessary to effect the full power of the concept mapping 

and the ''V* mapping strategies. Some work^ involving the reorganization 

of curriculums to a psychological organisation, has already begun with 

staff members who have returned to teaching during the 1980-1981 school 

year. Research is now being conducted to psychologically and epistemologically 

orient students in three separate ?reas: chemstryj the IPS Program, 

high school biology, and an animal behavior course, 

3, It should be evident that the teacher* s knowledge is also impoxtant * 
We cannot expect that students will be able to arriye at higher levels of 
conceptualisation about learning, the stiiicture of knowledge, and the 
knowledge^making process if the teachers have not been taught to recognize 
such order. Thus, the preparation of the teacher must be improved substan- 
tially^^ Again, this year^ preliminary research to determine if teachers ^ 
can be taught to restructure their previous knowledge, as well as to acquire 
the techniques for teaching the learning strategies iii now being investigmted; 
This is^a new set of challenges, requiring much extensive research, and 

we need colleagues to join with us, " 
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'4. Students participating in the "teaming How to L^arn" Project 
were higher ability students than we had originally suspected, Correla- 
tions between ability , as measured by standardised achieveiiient testa, and 
performanaes with concept mapping and the "V*' do indicate a strong 
positive relationship between the two variables. However, the evidence 
is also encouraging that a significant number of lower ability students 
can acquire and use thesj strategies. Given this, a replication project 
needs to be conducted to see how effective these strategies are with these 
lower ability students. 

5p Concept mapping and '*V'^* mapping provide a powerful new evaluation 
strategy, once students are taught to use these tools. The data from this 
study indicates that these evaluation tools are reliable and valid and 
that^thev tap substantially different abilities than conventional achieve- 
ment tests, 

o. We believe that the creation of conceptual questions can provide 
a powerful means for evaluation of meaningful learnings and which can be 
adopted in any classroom. However, with only two examples for our evidence, 
'no matter how encouraging that evidence might be, further research should 
be conducted which attempts to determine if there is any improvement over 
time in students* ability to answer this type of question. This, can be 
done over the course of a single year, or longitudinally where students 
ha,v.a been presented new material without the assistance of concept mapping 
and the '*V^^ Some research in this area is also being conducted this year. 

» 



7. As mentionsd in Section VT of tliis report^ the use of the was 
rsstricted to knowledge claims with no research relative to the value 
claims of science. This we believe is an important aspect of science 
education J but Was beyond the resources of this present project. We 
recominend, therefore, that future studies^ whenever possible, include 
the idea of value claims together with the other concepts of Gowin's "V". 

S, There is a need for x-esearch on classroom climate and the possible 
effect of **learning how to leam"^^ strategies on teacher-pupil relationship's 
The work begun ^ by Way (1981) with college students could serve as a model^ 
for elfmentary and secondary schools. 

In conclusion, we believe the research reported here shows promise' 
for a brighter future in education. The practical strategies represented 
in concept mapping and Gowin's is derived from a theory of education^ 
and as suchj the technology is both guided by and will serve to modify ' 
and improve the theory* Theory-based educational strategies have not been 
common in educational history, and therefore we have hope for progressive, 
evoTutionary development of both educational theory and derivative ^ practical 
teaching strategies that may improve human undarstanding. 
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MEANINGFUL LEARNING ^ * 

The ''Lciirning flow to Lcnrn Pn^i^riiin" is dosUned fur iise in ^ 
any classroom together with the regular prui^rani of instruct ion, Althouiih 
the inatorinls in this hcnidbook were prepared For Junior high science 
teachers, they might be used by teachers at other grade levels and in , 
other subject mutter fields. 

To understand hbw to become a better learner, students need to 
gain some understanding of (1) the learning process, (2) the nature 
of knowledge, and (3) how to extract meanings from materials studied. 
This program is based on Ausuhel^s (1978) cognitive learning theory 
which places emphasis on the difference between meaningful learning 
and rote learning. In fact, the major objective of this, program is 
to help students learn how to lejirn mean i ngf ul ly . To acciuire knowledge 
meaningfully means that the learner must incorporate now knowledge into 
concepts that the learner already has. Our program is dosi4;ned to 
extend, modify and elaborate these concepts, partly through providing 
Instruction in new rolat ionships among the concepts that the student 
already h'as, and partly by provi di ii^ nei^' rel ovant concepts about 
.learning. ~ ^— — = 

THE KNOWLEDGE ''v'' 

We have. found that students gain in their undDrstanding of mean- 
ingful -i earning whm they accju^^^ knowledge-making 

process To accomplish this, wc have founu a simple device invented by 
Gowin (1970) to be helpful. We teach students to understand each of 
the elements represented on Gowin^s "V" shown in IHgurc 1. At 'the 
*'point'' of the "V" are objects and events, and these oqcur in the natural 
world or arc made to occur by pcojilc (as in a laboratory cxjicriment) . 
At this point, our key conceptual activities come together with our 
methodological activities. Wc de^fine a concept as a regularity in 

*A more extensive treatment of the '^^-^ and its accompanying terms can be 
found in section IV in this handbook. 



events or objects dosignatcd by a sign or symhol. Pot Instance, to 
study digestion uf starch by saliva, wo need conco[its of enzyme, starch, 
digestion, maltose, sugar, solution, and others. Students bugin to seu 
that even to set up a meaningful experiment, or to be selective In 
observing objects and events, we must use concepts. 



CONCEPTUAL 



THEORY 



PRINCIPLES 




METHODOLOGICAL 



KNOWLEDGE CLAIMS 



TRAfWFORMATIONS 



CONCEPTS 



RECORDS 



objects/events 

Figure 1, ^ Gowin's Knowledge "V" (1979) used with_.seventh and eighth 

grade students as a heuristic device to help in understanding 
how knowledge is produced in the sciences. 

The V-shapa of this device serves to emphasise that both conceptual 
and procedural or methodological elements are brought to bear on objects 
and events in the process of knowledge production* A *'focus question*' 
serves to direct the proqess of knowledge production, 

Concepts can be linked together to describe a'specific regularity, ' 
such as, "the sun rises every morning." This kind o£ statement or prep- 
osition is often called a principle. Principles, in turn, may be related ' 
together in broader, more inclusive ideas that we call theories, such 
as, the atomic theory or the theory of natuMl selection. 



Concepts, principle's, and theories ulso guUle the nicthodolopicul 
activities on the right-hand side of the *'V'-. Tho^o activities include 
record-making , such as gathering instrument readitii'.s or notes on oliser- 
vations, and transformations, such as graph or chart preparut iuns oi' 
statistical analysis. The knowledge claims represent what has been 
constructed through the active. Interplay among the concepts, principloSj 
and thoory we use and the records and transformations about tlie events 
and objects we have exaniLned* 



CONCEPT MAPPING 

Another device wo have found useful is to have students construct 

concept maps. Concept maps help students understand that concepts derive 

their meanings through ^'connections'* or I'c lat ionships with other concepts. 




IMpure 2: A Coiu-ent Map of the hipnie ''Oceans,'' prepared by a group of fnui 
seventh grade- students from a section of reading in their text. 



To define a pen as a writing instrument is to relate the concept "pen" 
to the concepts of "writing" and "i^strumerit ." Figure 2 shows a concept 
map constructed by a group of- seventh grade students from a textbook 
reading on world biomes. We will discuss the procedure for teaching and 
using concept maps in Section III of this handbook. 

In suminary, the "Learning How to Learn Program" is designed to be 
used in classrooms to help students understand the nature of knoWedee 
and the 'nature of cognitive learning* 



LEARNING 

OVERVIEW OF THE AUSUBEL-NOVAK THEORY 
ACTIVITIES IN MEANINGFUL LEARNING 
SUMMARY 



OVERVIEW 01^ THE AUSUBEL-NOVAK THEORY 

^ Throughout the olemDntarv school prnpruni, it \s coniiiion for stiulcnfs 
to memorise definitions or procedural rules without rclnting the inenn^ 
ings of the words in the definitions or rules to ideas they ttl ready 
understand* In fact* students often come to believe that rote inemorL^a- 
tion of school Information is the only way to learn. As teachers^ we may. 
want to reduce rote learning, but often find ourselves heljiless to achieve 
more meaningful learning in the classroom, 'rwo major reasons for this 
dilemma are: (1] the student is not aware that there is an alternative 
to rota learning, and (2) concepts that are to be learned are presented 
in such a %ay as to encourage rote memorization. 

The intention of this section of the "Learning How to Learn Hand- 
book'- is to provide the student with an alternative to'rote memoriza- 
tion by showing him/her that it is more efficient to learn in a meaning- 
ful way. Further, this section and the ones that follow will provide 
the teacher with information ahout how instruction can be organiEed 
to facilitate meaningful learning and discourage roto memorisation. 

The Ausubel -Novak learning theory attempts to provide a descrip- 
tion of how learning takes place in the learner, how the learner 
processes new information, and how that ^information is stored. Already, 
two terms of the Ausubel-Novak theory have been introduced. The first 
is rote learning. Rote learning occurs when information that is learned 
is stored arbitrarily within the cognitive structure* of the individual. 
In other words, the new information or concept has no psychological 
connection to other concepts and their meanings. Activity in this 
section is an example of information that is learned rotely. If quizzed 
DU the meaning of the words (concepts) of the Pledge of Allegiance, how 
many students would be able to give adequate answers? 

The opposite of rote learning is meaningful learning. Meaningful 
learning Qccurs when the learner is able to link new information to 
concepts and meanings that s/he already has in his/her cognitive Structure* 

*cognitivo structure is the composite ;pf stored knowledge representing 
the concepts, propositions, and other information learned by an individ- 
ual. ^ . 
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In other woi^ds, new information to be learned is not taught arbitrarily, 
but al<jays in relation to whcit the learner already knows. 

In the following 'sections, learning activitios are suggested that 
will help students undorstand the differences between rote and meaning- 
ful learning.' Activities #2 and »3 iUuitrate the differencl between 
rote learning and meaningful learning. List #1, on page 11-4, requires 
that the student memorize the tenns in a rote fashion. List #2, although 
the same instructions are giver, has the- concepts ai-ranged in a more 
meaningful way. That is, they are already organized according to ice 
cream' flavors, animals, furniture, and colors, mile doing this acti- 
vity, the teacher should find that the group of students with List #2 
is able to' learn the list of items more quickly than those students with 
List #1. Lists ^^3 and M on page II-5, demonstrate the distinction 
between' rote learning and meaningful learning is not always a simple one. 
List #3 gives the names of a group of flowers; List #4 gives the botan- 
ical names for parts of a plant. Which one is more meaningful? Which 
is more rote? » 

■Activities #3, #4, and #5 will demonstrate the use of prior experi- 
ences and knowledge to provide the organizing links that make new 
information more meaningful. Activity #4 does this by giving one group 
of students an organizing sentence which provides the meaningful link 
between the prior knowledge and the new information in the paragraph. 
Activity ^ introduces the idea of concept mapp" ig as a means of 
organizing the information .learned into a more meaningful fashion. And 
Activity #6 illustrates the idiosyneratic nature of the concepts that 
a learner possesses. Although each person stores information in an 
■ idiosyncratic way. there are enough , regularities among the meanings of 
our stored concepts so -that communication can occur. 

In the last activity, the' distinction between rote and meaningful 
learning is considered more directly. In this one., the leamer is asked 
to "identify those concepts that s/he considers meaningfully learned 
and those s/he considers rotely learned. The meanings ^of the concepts, 
indicated by the regularities we recognize for that concept and the 
specific events and objects as example of e^h concept, demonstrate the 
relative meaningfulness of these concepts to, students. 
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It is hoped that through the axanunatlon of the conco]its of rote 
learning and meaningful lcarnin^4 the student can recngnire what i rc- 
quired to move toward meaningful learning and uway fronrrnte learning, 
.Further, it is hoped that the teacher can begin to rc-examinc hoW infur^ 
mation is jSresented to the learner, either in lessons ur in textbooks. 
And that the strategies presented in the "Learning Ilow to Learn Program^L 
can facilitate this transition to the more meanihgfuls efficient 
teaching and learning of concepts. 
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ACTIVITIES IN MEANINGFUL LEARNING 

H ft ' 

ACTIVrTY HI ^ Rote Learning 

Say the Pledge of Allegiance to theM^lag, This is 6xainplG of 
something which is learned rotoly. It is shared by everyone, and It^ 
mu s t- b e said e x a c 1 1 y a s w r 1 1 1 o n ^ "o r ' i t i s w r o n g * 

Perhaps you may wish to write the Pledge of Allegiance on the 
board and circle key concepts, such as ''allegiance*' and "republic/* 
and ask who knows what these concepts mean* 



ACTIVITY ^2 - Rote Learning and Meaningful Learning 

If some information is going to b^c l^amj_d^ meaningfJi^ 
mation must be linked to existing concepts that the student already 
possesses. This can be shown in the following exercises* Give Li^t ^1 
to half the class; List #2 to the other half* Give the following direc- 
tions: "flere is a list of words* Overybody has the same words. You will 
be given, thirty seconds to memorize the list that you have*'* 



List #1 
vani 1 la 
el ephant 
desk 
yel Ibw 
chocolate 
red 
table 
_ camel 
strawberry 
green 
horse 
chair 



List #2 

vanilla 

chocolate 

strawberry 

elephant 

camel 

horse 

desk ^ 

chair 

table 

red 

ye 1 1 ow 
green 



Figure 3, Lists of Organized and llnnrqani^ed Words. 



" After the thirty seconds, havo the studunt*? list an many words' 
iiA they can rumeniber. Tally the numiirr of remt^mbcrcd words for encli • . 
student using List 3 1 a,nd for those with List ^2, The nuinbor uF woi-ds^ 
each student remembers is a record of this loarni ng-rec:il j_ event 
netefmine the average for ^ach group, the average nnmbor of words * ^ 
recalied (usually about 6+ for the group with List ?n , and 8+ for - 
the group with List K) is a transformation oKthe original records, 
and serves to illustrate how the learning principled guidu the in([uiry. 
(See IV-2 through IV-12 for further discussion.) 

Discuss with your students^ the idea of bri4anisatioH and meaning- 
fulness of the material. List ^^2 already had the words/organised into 
a pat tern of ice cream flavors, animals, pieces, of funiiturc, and colors 
List #1 did not have that organisation, or at least, the organization 
may not have been apparent after only thirty seconds. List f^2 is 
meaningful for the student who realizes that the items are categorizod. 

Yqu may want to try the #ext two lists to stress the point of ^ 
meaningfulness for the students. Bach list deals with plants, but List 
f*^4'may present some difficulties to the students since the terms arc 
unfamiliar. It will be very difficult for the students to learn the 
list in the last columns This is an example of arhitrary learning 
ox rote learning. 

List fr3 List m 

petunia - , ^ trachcid 
' ■ gardinia scleronchyma 

marigold , ' xylem 
' zinnia cambium 
goldenrod epidermis 
sunflower " *mosophyll 

maple ^-^ parenchyma 



sycamore pallisado 
Cottonwood stomata 
walnut ■ _ • , apertnre 

Figiire 4. Lists of Faniiliar and Unfamiliar Botanical Names 



/m:TlVn> - Organizing for Nlonningful Learning 

^ iiciw wo inrerpi^et ainl rolafc^ to ii problem often dcpontiH un c^ur 
jnist expcr i enccsS-^Tho;;e expuriences help us to sott out bur new 
infomiation. On this |uigc and the next are two paragraphs^ idcutical 
except for the fir^t sentence. Divide the class once again Into two 
groups, and give them the following directions. "You will bo given, 
a paragraph to read. After >ou have read it, you will be asked 
questions about the contents of the paragraphs and what the paragraph 
is discussing, ' * . ' 

This paragraph fs' about washing (Clothes. It is actually 
cjuite simple: First, you* arrange things into different 

'f groups depending on their makeup. Of course., one pile may 
be enough depending on how much there is to do. If ym\ 
have to go somewhQre else due to a lack of equipment, that 
is the next stop, otherwise you are pretty well set. It / 
is important not to overdo any particular part of the job. 
That is, it is better to do too few things aL onde than 
too many. ^ In the short^run, this may not seem important, 

J but trouble from doings too mariy.can^easily arise. A mis- 
take can be expensive as well. Working'; the equipment 
should ba self-explanatory, and we need not| dwell on it. 
here. At first, the whole procedure will sloem complicated. 
Soon,, however, it will become just another facet of life. 
It is difficult^to see an end to the necessity for this 
task in the immediate future, but then one can never tell* 



Figure 6A. Washing Clothes Passage with Organizing Sentence 



from k.h. Meyer. fjn??) TntMKTNn AND PROBLnM SOLVING: AN INTRODUC 
T[ON TO HUMAN COGNTTION AND LEARNING. Glenville,, TL: Scott. Foresman 
^: ^'ompany. " 



It U actunlly quite simple, I-irst, you arrani^e tliini^s 
inta diffGrent i^roups ilcpctuHiiH their mnkL^up, Of course, 
one pile may be enoui^h dependiri^^ on liuw much tlicre is to do. 
If you have tc somcwherv else due to a lack o\' eqnipiiient, 
that is the next step^ othens^ise you are juvity well ser , 
It is iin|iortant not to oveido any particular [lart of thu Joli, 
That is/ it ib better to do too few tluni^s at otice than too 
many. In the sliort run, this may not seem Lmportaiu, but* 
trouble frcm doing too many can easily arise. A mistake 
can be exfensive as well. Work^ing the ecjiii lament should be 
sel f-explayiatory , an i we need not dwell on it liere. At 
first, the whole procedure will seem complicated. Soon^.- 
however, it will become just anotlier facet of life. Jt is 
difficult to sea an end to thQ necessity for this task in , 
the immediate future, but then one can never toll. 

Figure 6B. Washing Clothes Passage without Organ iMni^ Sentence, 

Questions for the Class ^ ' . * 

' Who understand the story? Indicate by raising your hand? 
Who does not understand the story? 

For those who do iinderstand the story, read thn first sentence 
of your paragraph. 

Students who had paragraph 6A will generally say they understand^ 
the story, and those with paragraph 6B may make some ''wild guess" as 
to what it was all about. This exercise serves to illustrate that we 
can sometime aid the process of meaningful learning by statements that 
help to ^*organize" ideas by linking these ideas to_ what is alroady 
familiar. Meaningful learning is aided by procedures which help student 
tie new information 'to knowledge they already understand. 
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AirnvrrY ^^4 - organising by Means of a Concept Map 

The purporiu of this activity is to illustrate a valuable strategy 
for organi:.ing mater ial to be meaningfully learned, It introduces 
the idea of concept mapping of verbal materiaU 

AL;ain, divide up the class into two groups. Group ^1 will 
receive the paragraph reading; Group ^^2 will receive the concept .map 
on the next page. Give the students the following directions: "You 
will be given a sheet of paper with some information on it. The two 
groups have the same information, but in different forms. Study the 
piece of paper for four minutes. After that time, you will be given a 
c(uiz about the information on the papers*" 

l{veryoiTu is familiar with metals. Metals that occur 
naturally are called pure metals. Some pure metals like 
gold, silver, and platinum are considered precious metals ^ 
because thoy are rare. Copper, lead, iron, and aluminum, 
on the other hand, aro considered common because they are 
more abundant. People have learned to combine pure metals 
and other substances to create new matals, called alloys, 
^ Steel, Hrass, and bronze are alloys. We see metals every 
day in cars and buildings (alloys mostly), in jewelry 
(rare metals) and in p^lumbing pipes and cooking foil, 
(common metals) . 

Figure 7A. Metals Paragraph. 



Rare 



Gold 
Si Iver 
Platinum 



Jewelry 



METALS 




Common 



Copper 
.Lead 
Aluminum 
Iron 



Plumbing Pipes 
Foil iVrap 



Mnn-Mado 
Al lovr. 



Steel 
Brass 
Bronze 



^ Cars 
Buil dings 



Figure Metals Concept Map. 

Activity H Questions for. Groups #1 CParagraph readers! and #2 (Concept 
Map readers). 

1. What is the best ^Vord label for the subject of this information? 
2/ Write the difference between pure metals and alloys. 

3. Why are gold and silver called precious metais? 

4. List two common pure metals. 

5. Choose two from this list that are alloys. 

Plati^ Steel 

B^^^^^ ^ Aluminum 
Copper 

6. Metals used in cars and building arc mostly 

7. Precious metals are mainly used for - 
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ACrrvrrY - Concopts ami Stored Meanings 

This acLivUy i 1 liisr raiL^s that moaiunMS ^vv stored and that these 
meanings are Ldiosyncratic . Thnt iSj not everyone has the same meanings 
stored for each teriiu In asking the students to share their definitions 
of each word, they can come to realize, that definitions do not match 
exactly since it is the meaning that is stored, and not the word. Also, 
there are aspects of the definitions that students do hold in common. 
These conmion features of the definitions could represent the regulari- 
ties of the concept word, (S'^ Activity #6.) 

Ask the students to write their definition for each of the 
following: 

ANIMAL FOOD AIR ^_ 

Have the students share their definitions* 

Questions for the Class: ... 

IVhere did the information (given in the definitions) come from? 

Why doesn't everybody's definitions match exactly? (Because it is 

their meanings which are stored.) 
What are the aspects of the definitions that are held in common? 

(These could be the regularities of the concept 0 

This activity also seems to illustrate that concepts vary in the 
extent of meaning they have for any one person. Concepts are more 
meaningful when they are t^eiated to larger sets of other concepts 
through meaningful propositions^ such as "animals include vertebrates 
and invertebrates," The next activity seeks to help define concepts 
and- to emphasize that each concept symbol or sign represents a specific 
regularity in objects and events. It is not always easy to describe 
the regularity represented by a concept label , even when we are very 
familiar with the concept, as in the .examples given above. 
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ACTIVITY ^6 -= The Rote-Meaningful Continuum 

The extent to which anyone can learn sQmething inean i ni^ful ly deivnJs 
upon, (1) the potential meaning of the material, (2) tno degree of de- 
velopment of related concepts by the individuals and (5) the. effort to 
relate the new material to what the learner already knows, Thene 
three criteria can be illustrated In this activity, Tlie potential 
meaningfulness of concepts relates the our ability to see the regular- 
ities that those concepts possess, and our abiTity to point to objects 
and events which are e^xamples of those concepts. Give students the 
fQllowing directions: ''Here is a line which represents a range from 
meaningful learning to rote learning. Choose eight to ten concepts and 
arrange them according to how meaningful they are to you. Try to use 
some concepts that represent regularities in objects and some that 
represent regularities in events, lliose which are most rote should 
have the least meaning; those ^ which are meaningful should have the most 
meaning. Indicate what the regularities are for each of the concepts ar 
identify the objects or events of that designated regularity. 



MEANINGFUL 



examples 



ROTE 



Concept 



love 



Regularity 



concern, feeling 
for others 



wind 
fruit 



phone number 



moving air 

usually edible, 
soft, food 
from plants 



assigned 
number 



Event/Object 



acts of caring 
and feeling 



air in motion 

apples j bananas, 
tomatoes 



specific number, 
e.g, 555-1000 



Figure 8.^ The Rote-Meaningful Continuum, showing examples.of concepts, 
their regularities and the events or objects. 
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SUMMARY . ? 

After these activities nre completed, it would be helpful for the 
teacher to summarise what information has been obtained. 'ITie use of 
the summary is to provide the student with some principles about iGarn- 
ing, specifically about :iow s/he learns in school^ and to provide the 
teacher with some operating principles that can guide the construction 
of lessons and units in a meaningful fashion. 

-Rote learning occurs when new information is stored arbitrarily* 
That is, the information is not linked to existing concepts that 
the learner already has. 

-Meaningful learning occurs when new information is acquired and 
linked to existing concepts that the learner already possesses. 

-Existing concepts that the learner. possesses act as organizing . 

concepts that provide ''anchorage'* for new information and facill- 
. tate meaningful learning. 

-Hie relationships among the concepts in individuals are idio- 
syncratic. That . the concept meanings are unique for each 
individual. 

^However, the meanings stored by individuals should have 
enough regularities to allow communication. 

-Concepts gain in meaning when they can be used in more and 
more meaningful propositions. 



III. CONCEPT MAPPING 

FEATURES OF A CONCEPT MAP 
CONSTRUCTION OF A CONCEPT MAP 
SUGGESTIONS FOR TEACHING CONCEPT MAPPING 



FEATURES OF A CONCEPT MAP! 

Concept liiappuii; is a Jiicans by which cunccpts aiid the ori;aii i lat ion 
of subject nuitter can ho reprcst?ntciL Both stiuleiits and teachors rhul 
that the use of concept mappini^ helps "sec the subject matter more 
clearly, and learn that subject matter mure meaningfully.'' Two concept 
niap^ have already been [^resented in tills hnndbook; the inetals concept 
map, F^igure 7B, page 1 1-9, and a mure complex example on the ocean 
b i ume i F i gu r e 2 , page 1 = 3. Both of the s e d o mo n s t ra t e t he c oinnio n 
features of all concept maps, and it is sui;\:ested that you refer back to 
them during the following description, 

A concept map is a two-dimensional representation of a discipline 
or a part of a discipline. (Stewart, ct al , 19791 And it is this 
feature that d I lows for the representation of the propos i t ional 
(principle) relations among the concepts. Tliis Is a much different 
perspective than traditional note-taking which is one-dimensional and 
illustrates no relationships among the concepts. The concept map not 
only identifies the major points of interest (concepts), but also 
illustrates the relationships among the concepts in much the same way 
the links among cities on a roadmap are illustrated by highways and 
other roads. 

Another feature of a concept map deals with its representation 
of the relationships among the concepts. Not all concepts have equal 
weight. That is, some are more inclusive than others. For instance, 
the concept of ''natural selection'* is more inclusive than any of the 
propositions that identify that theory. Thus we can see that every 
concept map should have at its top the most general, most inclusive 
concept, and progress dowTi through until the least inclusive, more 
specific concepts or examples are illustrated at tlie bottom of the 
map. The ocean biome concept map (Figure 2, page 1-5) illustrates "Salt'* 
and "Sodium Chloride" as examples of '^Dissolved Minerals." The "littoral 
zone" further down the map could have the "hong Island shore" as an 

example. " ^ 

The next feature of a concept map is that of hierarchy.: Whon two 



or more concepts are iLlustrated under a more inclusive concept, a 
hierarchy U producoJ on the concept map. Again from our ocean biome 
example, the concepts of *'suu'- and ''plankton'' are more Hpecific concepts 
for the process of "photosynthesis,*' and illustrates a hierarchy of 
the food production in the oceans. In the metals concept map ''pure" 
metals are classified into **raro" and ''conijiion" metals. By contrast, 
the examples of "copper," "lead," "aluminum," and "iron" show a linear 
relation to the concept of "common" metals, and thus no hierarchy is 
illustrated. 

In addition to the features of being two-dimensional, showing 
a pattern of general to specific, and indicating a hiararchy, concept 
maps have other features. These features are more elabordte and dis- 
criminating. For a description of these other features, see Section V, 
the Ass-^ssment of Student-Constructed Concept Maps, page 

CONSTRUCTION OF A CONCEPT MAP . 



Mt'U! aiKl ti'inpi'! uhHi' Mil* rinsriy rchirtML iiuwixiT, mt/v 
Liiv iint i\w siiiiit' \]iv kiifrUi' llu<ny Ciiii lu' iiscil lo i;^- 
pliUM ovpiiiulin^. ( laUiiitiiiiK, aiul i liiiiigini; pliUMv C!im 
iUv tliciiiy iiUii lu' lisvd Ut t'xplaii! lUu ililU'iriiir hrlwi'i'ir 

Ai'inrdiiiK ii' tlu* kini-Mij lIuMiry, inuliHtilrH aw alwius 
hinx iii^. Si ii'iiliHl^i ai^riH* l\n\i ii iiinx iiig nlijtu I lias (MMMf'\' 
lii't aiist' it is innxiiig. T\m cntMgy h tuIh'J kiiiriii i*niMgy. 
tir I'liLM'gy of liuitifiii. Sincu tuicli iiuilrrnlr ill u pkHL' uf 
uiniU'i" is MMiS ing, inuIi hah kiiu'lir t*nuri4y= Tlit? kiiiftii ni- 
iMt^v lil iniikHuli's is till? key to i'\pknhini| tliu iliffm'iKi' 
hi tsvifit lit^at and tiMnpt'ratnrLS 

'roilay ^i it'iitists brIiuNT timt iUv li'inpi'nitiiri' of U picHi* 
of nialti^r drpiMiils Oii ilit* nvcM'iii|i' sptrd of its inolotiiks. 
lit Uiiy iif Ittattci SoiiiU ifioKu iilt'S an' niiixiii^ fa^trr 

thai! othiTs. if ihi^iu aru nioru fiister-iiiifviiiif liiolcc lilt's 
duin ihtMU aru hlowui -!iio% ing iiiolyi nluh, thi^asfiagr spci'il 
of thi^ liiokHiik's ih that piecu of inatlur will \w git'att'i. 
l lii* i/it'iili'r llit* avi'iaj^i* spi'inl, the hi^ht-r t]iv tcnipiM atftnv 

A liip of hoiliii|4 water ha^ u higlu'S' tunipi'iiilnrr than a 
rii]) of wai III wali r. Tliu ililfiM tMitH* in trnipuraiui t* is ihw 
ill \\w ililfi'itMitt' iii iivuraUt' kiiii'lii' I'nurgy t?f the niol- 
I't iih's ii\ waiiT ill isieh cup. Tht- walur iiioh'i ii!i*H in a iiip 
'if jjoiliiijl walri^ haM* nioru kiiii'tic' iMinr^ on the* a\rnigt% 
that! tho watiT iiniU'riilcs in a I'up of waiiii watrr. Ho ihi' 
a\<Mai^r sprt d of tht? inofi'mli's of hoilin^ watrr is t/ji'alur 
than thi' aviHagu speed of thu nsolcculc^s of waiin watur, 

rhr aii!oiiiit ii\ \wiii t'iiei^y hi iiiattCT IS tlioiii^ht of us 
lirhiii iht* stnn of all thu ainoiiiits of kiitrtii' eiJiMicy i>f uvery 
ntoli'i'iile ill that i!iatti'r. 80 the anioiitit (if huut in niaityr 
ih'ptMicIs on (wo thiiigH: ( 1 ) the anioiint of kiiietie uiicrgy 
of I'ai'li niiileenle unti (2) i\w iiiiiiihrr of inohH'nliAs. 



To illustrate the points made 
more clearly, it will bo helpful to 
construct a concept map step by step 
so that you can see the features and 
procedures necessary for a map's 
development. Although general rules 
are established for map construction, 
the teacher is advised that these, 
rules will have to be modified and 
adapted to the particular teaching 
situation of your classroom. 

The concept map that will be 
constructed is based on the reading 
to the right, and is taken from a 
junior high science text,. 

I, Select a readiftg from a text 
that is not too long. At least at 
first, the reading should be short 



Figure g: Reading from Blecha, Fisk, 
and Holly, (1976). EXPLORING MATTER AND 
ENERGY, PAGE 148, 
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30 that the concept map does not heco"ie too large- and contain 
too many concepts. ' 

[dentify the major relevant concepts, that i^, science concopts. hy 
oither underlining them in the paragraph or l)y writinK them indi^ 
vidually on pieces of paper or .mall cards. The relevant concept, 
for the reading are shewn in rigure 9 below. 



KINETIC THEORY, HEAT, TEMPERATURH , EXI'ANSION, CONTRACTION, CHANCli 
OF PHASE, MOLECULE, MOVING. ENERGY, KINETIC ENERGY, MATTER, 
AVERAGE SPEED. BOILING WATER, WARM WATliR, NUMBliR Of MOLECUIdiS, 
LESS. GREATER. ' _____ 



Figure , 9: Relevant Concepts from the Reading on Heat and 
icrature , 



3. While the list above generally shows how the concepts appear in the 
reading, this may not necessarily represont how the concepts arc 
related to each other in the discipline. The next step then is to 
order or rank the concepts from the most inclusive Cgencran to 
the least inclusive Cspeciflc). Each reading, or section of text 
chapter or even the entire chapter should have some concept which, 
because of its inclusiveness. is selected as the most general, or inclusive 
of all the concepts presented. Sometimes, though, the inclusive- , ■ 
ness depends upon the laamer who uses his/her stored' meanings to 
designate the most general concept. The examples will form the 
bottom of the concept map. What lies between the most' inclusive 
concept and the examples at the bottom widl bo the intermediate 
■ concepts. Although these are not arbitrarily assigned to positrons 
on the concept map. their positions on the map are lass crucial 
to the overall function o£ the map. On the next page is a chart 

„ ir.f-iti5iveness of the concepts presented- m 
showing the range of inclusiveness ui l. w t , 

tlie reading on previous page. 
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most inc 1 u.^ 1 . o 



least inclusive 
( examp 1 es) 



KINBTIC TlifiORY 

HXPANSION, CONTRACTION, C11AN{;H 0\J 
PIIASli, HRAT, TEMPORATURE, MATTnR 

AVEiRAnH SPEED, MOLECULES, KINETie 
FiNERnV, MOVING 

LESS, GREATER 

WARM WATER, BOILING WATER 



Figure 10: Chart of Ranking of Concepts from the Reading on 
Heat and Temperature 



4. Now begin to arrange the concepts ^on a table or piece of paper, 
starting with the most inclusive at rfKe top^ followed by the 
next most inclusive, 

5. This same procedure cdntinues until all the concepts have been 
laid out. The connections among the concepts ^must now be 
established. ^ Lines are used to connect the concepts and a 
statement is written on the line that indicates what the rela- 
tionship is between any two concepts. The completed concept 
map for the reading on heat and temperature is shown on the 
next page in Figure 11, 

6. The teacher is now encouraged to examine some of the teaching 
materials they have and to prepare concept maps for short sections 
of that material. Practice is the key to good concept mapping: 
proficiency will come as the map constructor makes a number of 
attempts. 
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There are ^ome elements to a concept map that arc not mentioned 
In the rules for their construction. These arL- luven to facilitate 
the Jevelupnient of concept niaps by both the teacher and the student. 

1. A concept map does njjt have to be s>Tninetrical . fhe concept 
map on page HN5 is lop--sLded to the side of 'Mleat" and 

'* lemfierature." Tliis should bo of little concern. (You will 
notice, however, that if the concepts of ''nxpansion "Contrac- 
tion," and ''Chai^ge of Phase" were developed in the same reading, 
that other side would have been developed more completely.) 

2. Romember that a concept map is vi sua! ly efficient . That is, 
it is a shortcut way of representing the concepts of the 
discipline. This should remind us that, as we first develop 
concept maps, we find that a final map comes only after a few 
tries. These attempts represent an effort to show the details 
of concepts and their relationships in the most efficient and 
consistent way. 

3. As you ex^.mine the concept map on page IT [-5 more closely, you 
may realise that. some of the concejns are not in the same form 
as they were in the reading. For instance, ''pxpans ion*' and 
'*Coritract ion'' were changed from '^Hxpanding*' and "Contracting."" 
Generally, Lt has been found that changing the verb concepts 

to noun concepts facilitates the map* s*.construction without 
losing ^any of the intended meaning* 

4. It is sometimes advisable to add certain concepts ^ ..even though 
they are not "relevant" bcience, concepts . Their purposes are to 
clarify the Intention of the map, and more faithfully represent 
the form of the reading. The concept "Difference" was added 

for just these reasons. 

5. HinaTly, (it must be remomherod that there are no perfect or 
correct concept maps, only maps that come cl5ser to the meanings 
of the concepts for the map maker and others who read them. 

t ^ ' 
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SUGGESTIONS FOR^ TEACHING CONCEPT MAPPING 



In the last piivt ot this scctii^n oii lhmk-.'PT inapplnr, su-' h":!; ir. 
for teaching thi^ technique to stiulunts is U i senssLHi , riu- iKiriiii; oi' 
the intro^iuct i on of eojioept inappini; Joi^enJs iip.^i t!\e !^km1 ^.'::MiVr 
in the school, Ehe level of the stutJerit » autl tlie iiii f ieiilt> the 
subject matter. 

1, When e one opt mapping is IntrodueecL it* is advise J that the 
teacher make up tlie map prior to eoniinii to el;^^aiul liand 
out eopies to the students. ■ Let thu studenrs stauy the niap 
a I on with their re ad i ng . Th i s will i\ i- ve^ t ii e ni an idea o 1 

, what a concu[)t niat> is, how it is st rue t irred , and lujw i^^^^^in 
be used. 

2, When the students are ready to attenipt a miip eons t rue i oh on 
their owti, choose a reading which is partieularly short a*^d 
that contains concepts that arc familiar to the stfidonts 
already, 

3. Instruct the students to identify the major eoneepts iii tlie 
reading J rank thorn Ln order of importance, and const rue t the 
map from the LnformatLon they have, (It might be helpl'ul and 
interesting for the students to use small pieces of paper 

or "Ix-^** cards to write the concepts on. Students, in our 
studies^ have srtid tliat making concept maps is like.jiuzzle 
fitting, and perhaps the teacher should approach the task froni 
that standpoint.) 

4. The teacher should expect that thert^ can he reasonahlc dit 
among concept maps that 'the students develop. Not all t 
ccpts will be Identificdp some will not follow the "genci 
specific'' rulCj while others may have difficulty identir>ing 

the most inclusive concept. As tho^ students become more familiar 
with concept maps and their construction, these ditficulties 
usually disappear. Students can usua 1 ly produce very adocjuate 
concept after only a period of two to three weeks of exponure - 
to this technique. . ' » 



TINS 

... . • ' ■ 

5. You may want ttf have students aevelop n concept map with you 
.on the chalkboard or the overhead projector. 

6. Sometimes grdups of students can work together and^.construct 
a concept map of a section of text material. The oceafi biome 
concept 4nap on page 1^3 is an example of a cooperative effort 
by four seventh grade students. / ' 

7. As the studentr become more proficient w^th the construction of 
concept maps, the teacher should berin to examine closely the 
line connections among the Concepts on the map. Because these 
lines represent the relationships among^ the concepts, it is 
important to assess the students* understanding of' these 
relationships. Two forms of criteria have been designed to 
assess concept maps done by^studepts. One form 'has what can 

be described as a large "field of view" which attempts to give 
^an Qverall..picture of how the students are progressing in their 
^ abiJity to make concept maps. The second form has a small 
"field of view" and magnifies' some^of the features of concept 
ma^55 by establishing more stringent criteria for the map's 
assessment. Refer to Section under "Assessment of Student- 
Constructed Concept Maps," for these techniques. 

Ultimately, the objective is to have students coordinate what 
they have learned about concept mapping and the Knowledge "V" (dis- 
cussed in more detail in the next section) . Essentially, a concept 
map can represent the left-hand, 9onceptual, side of the "V" and 
already you may have noticed the cor,respondence between the terms 
for "^Wtept mapping arid some of the terms- oai the left-hand side of 
the "V".' ^ ' ^ - , . 

In the next section, the terms of the VV" are discussed, 
exaifnples are given, and suggestions for introducing and teaching 
the "V" to students are provided. 



THE KNOWLEDGE "V" 

INTRODUCTION TO THE KNOWLEDGE "v" 

BACKGROUND INFORMATION AND DEFINITIONS OF 
TERMS AROUND THE "V ' 

USE OF THE "V" AS A PRE-TEACH ING^ TEACHING, 
AND LEARNING TOOL 

SUGGESTIONS FOR INTRODUCING THE KNOWLEDGE "v" 
INTEGRATION OF THE "v" AND CONCEPT MAPPING 
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INTRODUCTION TO THE KNOWLEDGE "V 



The nature and organization of cognitive structure not only playH 
a major part in our Individual learning , but also forms the basis of 
the collective knowledge in the sciences^ (as well as other disciplines). 
The nature of knowledge and the analysis of knowledge can be taught 
through the use of Gowin's Knowledge Briefly, Gowin defines t,wo 

types of concerns that ar^ used in conjunction with the intent of 
reaching or arriving at some knowledge claim* They are the conceptual 
and methodological activities. The left-harul, conceptual, side of the 
'*V** indicatas the appropriate questions to uskp and what theories, princi- 
ples, and concepts bear on that c|uestion. This conceptual side is 
balanced with a methodological side which identifies what has been 
observed, gathered, and manipulated in the laboratory so that records 
and data are accuniulated to substantiate the knowledge claim. What 
binds these two activities together are the objects and events that 
occupy the bottom of the '*V**. 

Nine terms are associated with the "V*^ In the following pages, 
these terms will be defined,, and examplgs from actual laboratory 
exercises will be given. Tlie skeleton form of the *'V** and its acco?npanying 



terms are given below, 
CONCEPTUAL 



THEORY 



PRINCIPLES 




METHODOLOGICAL 



KNOWLEDGE CLAIM 



TRANSFORMATIONS 



CONCEPTS 

r 



RECORDS 



EVENTs/OBJECTSp^i: 

Coo , 

Figure 12: Gowin's Knowledge "V" 



IV-2 



II., II 



BACKGROUND, INFORMATION AND DEFINITIONS OF TERMS AROUND THE "V 



The introduction of the "V*' into the classroom requires that the 
teacher modify some of the definitions that are norma lly used. Although 
there is a great deal of commonality from the previous definitions 
associated with the so-called "scientific method'^ and the '^V'S some 
clarification of these terms is necessary. The following is written 
to accomplish the task of acquainting the teacher with the terms and 
definitions around the **V'' and to facilitate the smooth intrbduction 
of the as a teaching and learning strategy in the classroom. Two 
laboratory exercises have also been included, and will serve as reference 
points as the definitions are discuised. The first example is a labora- 
tory exercise that was taken from a published laboratory handbook designed 
for' a junior high physical science course* The lab exercise was laid 
on the "V" for analysis by the class. It is taken from the laboratory 
manual (pp. 27-28) which accompanies Blechaj et a^, (1976) EXPLORn^G ' 
.MATTER AND ENERGY, - ^ 



CONCEPTUAL (thinking) 

THiORY : 

lCih€tic Thsery of Matter 

PRINClPLESl 

1, Heat is a form of energy, 

2. HeaE it the measure of the aotlsn 
of lelecules in a substance, 

i. A c^ilprie is the aotount of hest 
needed to raise the temperature qf 
1 of water l*C. ^ 

4. Law of Csnservation of Energy. 

5. A thefrapflieter mtasures tht average #peed 
of Che rnolecules in a substanee. 

6. A caloriffleter is an instruiBent that raeasures 
heat . ^ 



CQNCiPTSi 

Mags, temperature, calorie, htat , energy, ealOfitseEer 
lioiecular n©eiQn, themometer. 




METHOPOLQGICAL (PQlNd) 
KNOWLEDGE CLAtHS^ 

U Washers lost heat to the 
water, i^ater gained 
_ qaLorits of hdat« 



2._ Washers lost an equal amount 
of calories as the water , 
gained^ 

TRANiFQRMATlONii 



' Mj " mass of the wataf 
T, - ■ change in teiBpersture 



Heat Gained a masi of water % change 
in temperature 



[Chang© in Heat a (M^-Mj % ^i"^!^^ 



RECORD! * 



Mj^ a mass of caloriffleter « 



a mass of calorimeter * water « 

Tj * tefflperature of water in caloriifieter ^ 
before washers added 

T^ ■ highest temperature of wtter after ^ 

hot wishers added " ^ 



event/ ^^^t washers placed in water 
OBJECTS ' * calorimeter. Record mass 

and change in tenperature. 



Figure 12. Sample ''V" ^1 , produced from, an exercise published in a 
laboratory manual. ^ ^ U 
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The second example, for the purpose of contrast, is a laboratory 

Exercise developed by a teacher for ci sovonth 'grade hlologicnl 
science course. 



CONCEPTUAL (THIMKINO) 



THiORYj 

Cell Theory 

PRINCIPLISI 



MI living things are tompoigd 
3 f ceil?, 

Cel U contain $trtiCtuTes whieh pmr 
form activities that benefit the 
entire cell (Of dfganisra 



3, A misfpicope is an instrument that if 
usad to magnify JPiail objects* 

4, Staining is a technique used so that parts 
of the celi can be seen mere easii)^. 



CONCEPTS: 

Ceil, c&ll wail, ctU .Titmbrane, cvtsplaim, nucleus 
uhioroplasts, vacuole, microscopei iodine stain. 




METHODOLQGICAL (DQINg ) 
KNOWLEDGE CLAIMS ^ 



ii Onign coili and cheek 
^ells have differont 
shapes, 

2. Not all the same itrueture^ 
jre In the anion i^^elli and 
aheek tjeni . 

Onion ^eils cqntain .nore 
^tructufe^ than choek cells* 



TRANSFORMATIONS^ 

Summary chart indicating what was recorded 
in each ty]W of eel U 



ON ION 



CiinEK 



cell wall 
Cell membrane 
nuc leys 
vacuole 
cytoplasm 
brick like" shape 



cell membrane 
nuc leus 
cytyplasm 
general iy round in 
shape 



RECORDS^ 

UT^y a picture of the onion cell and cheek cell. Label 
parti that were ^*^en under the microscope. 



IVINT/ Osamination of stained cells 
QBJiCTSl under the inicroseope* Drnw 
pictures of cell, indicating 
infertial ^^tructure. 



Figure 13. Sample *'V"^2, produced froni a ''classic" junior high biological 
science laboratory exercise. 



CONCEPTUAL/METflQDOLOGICAL SIDES 

In our work with junior high students, we have found it helpful 
to use these two terms in coordination with two other terms that the 
students are more familiar with. We can talk of the conceptual side, 
as the thinking side^ and the methodological side as the doing side. 
Whether the teacher wants to use^^the "five dollar" words or the more 
common terms, or both, is left as an individual choice. 
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FOCUS QUESTION 

The promotion of conceptual change is 
\ Focus / fostered by the development of good ques- 

\^ Question i tions* A good question is one that leads 

\ / to an examination of objects and events, 

^ I theory and concepts , so that new knowledge 

\ / is constructed. Thus, a good focus ques-- 

I tion will arise from the examination of the 

\ / concepts that a student has, will steer the 

Y methodology (right-hand side), and will 

eventually lead up through the knowledge 
claim. New knowledge claims enhance the 
meanings of the concepts, principles ^ and thepries. As each knowledge 
claim is collectedj it can lead to a refinement of the concepts used 
to form that knowledge claim. But what is the function of the focus 
question in all of this? The focus question indicates the kind of 
knowledge claim that will be made, what concepts md principles need 
to operate in the inquiry, and should suggest the major event that 
will be examined and recorded, Jn our example of the difference between 
onion and cheek cells, the focus question indicates clearly what con- 
cepts are being used (cell, difference, structurej shape, onion, and 
cheek), and the major event of that inquiry (looking at these cells 
with the microscope) . , 

Of course, there are several kinds of questions that can be asked 
as a focus question. In some laboratory exercises, the questions only 
asks for a "what", for instance, "ii^at is the difference in structure 
between onion cells and cheek cells?" In these cases, a simple 
identification of something is required. To ask, by contrast, "How is 
the structure of a cell related to its function?" requires a different 
operation* In this case, the question asks for some kind of descrip= 
tion J not an Identification* 

Another kind of question that is sometimes asked in the laboratory 
exercise is a "why" question. Thi function of this kind of question is 
to focus on not ah identification or a description but an explanation/ 

2 '4-^ 



In this case, more than any other, a thcQry or some thuory-hotuul 
principle must ho used as a conccptnal Ingredient of the left-hand 
side. For instance, to ask, "Wliy are onion cells different than 
cheek eells?" or ''Why do the hot washers give up heal: to the water?" 
requires that we bring to the knowledge cialni some explanation tlint is 
consistent with the theory that is identified on the upper left-hand 
side. 

From this, we can summarize two functions of a good focus question. 
First, it focuses upon the concepts, principles, theory, and event that 
Will be used in the construction of a knowledge claim. Secondly, it^ 
focuses upon the kind of knowledge claim that is to be made as we ask 
"what,'* ''how,'* or ''why." 
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QBJKCT 

J "Object" is one of the terms that is 

\ ■ 

^ Focus / defined in a specific way when using the 

% Question / nyn cioHely related to the "event,'* the 

/ 

\ ^ objects are the thjngs in the inquiry that 

^ / allow the event to occur, in the eKomplos 

^ / given previously, the ohjects arc the 

\ / microscope, the cheek and onion cells, the 

calorimeter, the thermometer, and the water 
in the calorimeter. 
Ohjcct . c^i,^ ^i^Q distinguish the key object o 

the inquiry from ohjects that are relevant, 
but less central to ^ur focus question. Ilic key ohjcct.s of the cell 
experiment are the onion and cheek colls. 'Ihe microrcopc is an object 
we need to perform our observations and to make our records. 

We will return to a consideration of objects in two places further 
on in this handbook. When we consider the '*evont*' of an inquiry, the 
objects will be distinguished from the **evcnt." Also, when "concept" is 
discussed and defined, the distinction between **concept" and *'object" 
will be examined. 



EVENT 



Even though we can talk about future 

\ Focus ^' "events,*' an occurrence is not an actual 

\ Question ^ event until it happens or unfolds and we 
V / 

\ can take a record ©f it. Thus, we can 

\ - __ 

% / conceptualize about and plan for our next 

^ birt^^y or an expeTiment to be done, but 

\ / it is not an event until it begins to occur. 

^ / Events and objects are related In that 

^ objects are always involved in an events 



acts/ ^nd may even be the event itself (for in- 

^^^^ stance, examining tree rings to determine 

the tree^s age). Look back over the procedures from the laboratory 
exercises you have taught. I^at was going to occur? This is the major 
event. What was there so that the event could occur? These are generally 
the objects. 

In the two laboratory exercises given as examples, the major event 
appears at the bottom of the "V" for each. In the lab involving 
onion and cheek cells, the major event is to look at stained mounts of 
these cells under. the microscope; for the lab involving heat loss, the 
major event is the plunging of the hot washers into the calorimeter and' 
recording the temperature change. 

Events can either be made to happen (as in the two examples above) , 
or the event may be occurring and we, at some time, come upon it. In 
either case, the event is the thing that we take a record of. This 
will be examined a little further on. 



CONCEPTS 

To understand the conceptual, left-hand side of^the "V", it is 
imperative that the student and teacher un^rstand what a concept is. 
Concepts refer to regularities in events or objects. For example, the 
concept of ''cell" which is used in the experiment with onion and cheek 
cells has certain regularities that distinguishes it from other objects. 
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Focus 
Question 



Concepts 



Objects/ 
Event 



Not all onion cells arc IdLMitical and 
I not all typos of colls look alike/ But 

there are enough common features or regular- 
ities a^mong all kind.^ of cells so that the 
concept "cell" can be used for a number of 
examples* In biology, the use of the term 
"tyi)ical cell" points up all the regulari- 
ties that can be found generally in cells. 
In the experiment on heat loss, "calori- 
meter" Is a concept used to designate the 
the instrument that will be used to mea- 
sure the heat loss by the hot washers. For junior high school, the 
calorimeter used is a very simple one, being made of one styrofoam cup 
inside another, a top, and a thermometer. This is much different than 
the more sophisticated calorimeters used in formal science laboratories, 
but the simple calorimeter shares enough regularities with the sophisti-^ 
cated type to warrant that name of "calorimeter." 

The final point to consider about concepts is how they are denoted. 
Language provides signs and symbols to designate the concepts. Simply, 
the sign or symbol of a concept is its name, Hxplore some of the 
kinds of symbols and signs that students use in scienqo class and examine 
the regularities that those signs and symbols denote. You may also want 
to return to^the cdnsideration of meaning which was discussed in 
Activity ^ S on page 1 1^10, 



Focus ; 

Question / 
/ 

PrinciplesX 9 



Concepts 




Objects/ 
l-Vcnt 



PRINCIPLES 

Principles- fit right above concepts on 
the left-hand side of the "V", A principle 
is a conceptual or methodological rule which 
guides the inquiry- Conceptual principles 
may find their source from knowledge 
claims of some previous research* There 
have been several examples identified in 
this handbook: Heat is a form of energy. 
Carbon dioxide is given off during fcrmcnta- 
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tion; and, As the temperature increases, the rate of fermentation also 
.incTeases. Bach of those were constructed as a result of performing 
an empirical study. 

Conceptual principles come also from theories. Theories contain \ 
principles, as propositions, which state the 'relationships among the 
concepts that the theory attempts to relate. An illustration of this 
relationship among concepts, principles, and theory will be discussed 
below in the section on "Theorv," 

There are also methodological principles which, as the name 
suggests, guide us primarily on the right-hand side of the To 
state that a thermometer Tneasures the average speed of molecules in 
a substance is a methodological principle derived' from a theory guiding 
the use of that instrument* In the activities reported previously, try 
to pick out those principles that art methodological and those that are 
conceptual. * , 



Theory 



Focus 
Question 



THEORY 

Theories are statemants, developed by 
^ people, which attempt to explain and pre» 
f diet the interactions among concepts, 

events, and knowledge claims* Theories 
are labels, but these labels are, not the 
theories themselves. The theory encompasses ^ 
the relationships among the principles and 
concepts of that theory. 

Perhaps che best way to illustrate 
how theories work is to provide an example 
of theory and its relationship to concepts 
and principles. 

Expansion is a concept that 'denotes the regularity of a substance 
increasing in volume which rs caused by some agent* The caloric theory 
of heat stated that heat, since it was a ^'fluid," infused into the 
substance causing the increase in volume,^ This illustrates the rela-- 




Objects/ 
Event 
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tionship among the theory Ccaloric theory) , its propositions (heat is 
a fluid which moves from hotter objects to colder objects), and the 
concept (expansion). But the caloric theory could not explain all 
the phenomena associated with heat and heat transfer. Friction, for 
instance, did not easily fit into the caloric model of heat. 

Another theory, the kinetic theory of matter, replaced the older 
theory, and stated different principles and different relationships 
among concepts that uiore adequately explained the phenomena of heat* 
The kinetic theory stated that heat was not a substance that moved from 
one body to another, but was the result of molecular motion within a 
substance. Thus, the heat energy in a substance was directly related 
to the molecular motion within that substance* The concept of expan- 
sion was explained in terms of the molecular motion. As more heat 
was added to a substance, the space between the molecules increased. 
This increase caused the increase of volume of the substance, that 
is, expansion* 

In many Instances in a junior high science class, the theory that 
stands behind the subject matter may not be evident to you or the 
students* Therefore, there will be times when you will not be able 
to fill in this part of the *-V^*, , However, it is important that students 
realize that some theory does indeed operate in the explanation of 
events and the prediction of new knowledge. 




Concepts 



Records 



Objects/ 
Event 



RECORD 

In order to be a record* we must take 
our sense perceptions of objects and events 
and produce them into a relatively permanent 
form which can be conveyed to others. The 
record may take the form of a written docu- 
ment, a photograph, or a tape recording. 
The records of the onion and cheek cells 
laboratory exercise are the diagrams that 
the students prepared. In the heat loss 
experiment, the students were Instructed to 
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record the tomporaturc of tliD water in the calorlmeteT before and 
aftor the hot washers wcru pliingcd into the water. Other records 
about the mass of the water, and calorimeter were also included. 

It is important to rjealize that a record is made about the 
events and objects/ not about concBpts. We can take a record of 
a thermometer reading, or draw a cellj but we cannot make a record 
of the concepts of "temperature*' or ^-cell,*' 



Focus 
Question 




Transfor- 
mations 



Records 



Objects/ 
Event 



TRANSFORMATIONS 

/ As you probably realize from the two 

' examples given j making records of events 

and objects does not complete a scientific 
inquiry. In science, these records* are. often 
reorganized or rearranged into a more 
manageable form* When this is done, a 
trans forinat ion is performed. The type of 
knowledge clatm detennines the type of 
transformation needed. 

The difference between records and 
transformations are often subtle, ^nerallyj 
a record can be made of some sense perception , such as reading the 
temperature on a thermometer, A ttansf&rmation requires some type of 
pianipulation of several of these sense perceptions, such as computing 
the difference between the tempeTature before and after the hot washers 
are plunged into the water. 

Transformations can take many forms ^ and may involve several steps* 
The most common in science and in science classes include graphs , 
simple differences, charts, statistics, or any comparison of two or 
more records. You might want to discuss^this further with your 
students, indicating or soliciting from them ox&mples ot records and 
trans format ions found in the work that they have done. Examples could 
come froni evorydgy experiences or from previous laboxatory work. 



ERIC 
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ory 



Knowledge 
C laim 



Transform 
matiops 



Records 



KNOWLEDGB CLAIMS ' ^ . 

There are two things that knowlccige 
claims do. First, they are the answers 
to the focus questions that were asked at 
the start, and as such, provide information 
Second, they can suggest new questions that 
can lead to new investigations. 

Knowledge claims ^come from the inquiry 
that has lead to those knowledge claims. 
They must be consistent with the focus 
question, concepts; principles, objects, 
events, records, and transformations that 
preceded its construction. In our example 
of the onion .and cheek cells, the cheek cells wore claimed not to posse 
vacuoles. This was done because the observer, using the micrnscope, 
did not or could not detect vacuoles in those cheek cells. To state 
the claim that cheek cells, or an.mal cellsCin general, have vacuoles 
requires still another inquiry, using perhaps different representatives 
of animal cells or a stronger microscope. It is this activity -- 
realizing the limitation upon the knowledge claim made == that spawns . 
new questions and further investigatioris . ' " . 




ects/ 
Event 



To familiarize yourself further with the structure and function 
of the knowledge "V". take a look at several of your own laboratory 
exercises and "lay them on the 'V." It is 'only through this activity 
that you can fully comprehend the simplicity and power of this device 
.both as a pre-teaching tool and a teaching tool. 
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USE OF THE ''V-' AS A»PRE-TEACHING, .TEACHING^ AND LEARNING JOOL 

The versatility of the knowledge '*V'» becomes evident as the rnngo 
of possibilities for its use are examined. In our work with , the "V*' 
we have identified three different areas for its use: it is a pre- 
' teaching, teaching, %nd learning tool. 

As a pro-teaching tool, the *'V" provides^ a strategy to analyze 
labc^ratory oxerGises prior %o introducing them to the students. The 
teacher can take an existing experiment, and, using the *'V"/ determine ^ 
if that exercise is structured in such a way that it can facilitate 
meaningful learning. That is, the "V** allows the teacher to assess 
what concepts the students must know before beginning the experimont. 
in order ,t© make sense of the experience. Furthef, the ''V*' can be 
used as a device' to; construct Individually-designed laboratory exercises 
for classes* * . ■ 

If it is kept in mind that^the '*V** is primarily a strategy for 
analysis^ by asking certain questions, the teacher can analyse a 
^laboratory work. In a manner of speaking, the taacher "unpacks" the 
work to examine its*^ constituent^ parts . As th| teacher unpacks the 
experiment, the "V" is used to answer a number of questions about the 
structure of the work* For these questions^ you might want to examine 
tho criteria, both general and' specific, that are presentod in 
"Assessment of Student -Constructed 'V's'" on pages V-12 through V^-17 
in this .'handboo^ _ - ^ ' : ^ 

As a teaching tool, *the "V" fits nicely into what is traditionally 
known as the laboratory discussion. It can precede the actual labora- 
tory experiment. Where the left-hand^ conceptual, side might be completed 
as a form of summary to re-cap what the stud nt already knows about 
the task at hand. Indicating what kinds of tacords and tTansformations 
that will 'be made could facilitate the smooth movement of the lesson 
so that as little time as possible is expended ^ith methodological 
problems. 

The "V" also has versatility as a guide during the experiment. 
A partially filled "V" in front of the Student during the actual rurtning 
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of the lab and record collection can give the student a short=harid 
approach for determining vvhat to do next. 

And finally, the '*V*' has worth as a summary technique after the 
experiment has been comploted. As such, the student can see where 
his/her knowledge claim came from, what basis it had in the concepts 
that occupy the left-hand side, and the methodology on the right-t.hand 
side. As a summary device the ''V*' can be discussed as a whole class 
activity, where different groups of students compare results and 
knowledge claims, and attempt to discuss any discrepancies in the 
results* 

Many teachers require written laboratory reports from the students. 
These reports usually summarise the experiment and also indicate certain 
inferences that follow from the work done in the exi^eriment^ The "V** 
can represent the., short-hand form of that report, or the teacher .can^ 
opt to have students prepare ''V's*' as the outline for an extended 
laboratory write-up. 

Throughout this entire handbook, there have been two themes that 
have been developed about the and its relation to education. First, 
than the "V^* is a means of unpacking an inquiry^ and is therefore a 
method of analysis. Second, the '^V^' provides a piece of knowledge about 
knowledge creation; If these two aspects of the "V" are kept in mind, 
then the use of the '*V*' as a learning tool becomes apparent. By pro- 
viding a means of analysis, the -'V-' separates and identifies the major 
concepts and principles that are used to sort out and create the know- 
ledge. This identification of what is required to make sense of the 
experiment provides the means by which the students can indicate what 
copcepts they already know, how those concepts are related to each 
other, and how this linking of existing concepts can bring about new 
knowledge and new concepts. This is tightly consistent with the theory 
of learning developed in Sections I and II in this handbook. Thus, the 
"V»', along with concept mapping, can provide strategies for meaningful 
learning* 
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However, the vei'sat i 1 i ty of the ''V does not stop there. In essence, 
as wo toach the nor only are we teaching for meaningful learning 

of concopts, but also teaching for the meaningful learning of how know- 
ledge is made. IVhile it is important for students to leaim what the 
accumulated knowledge of science is^ another type of learning is going 
on as the student uses these strategies that is, how science is con- 
structed. Students learn what counts as a concept ^ how theories work 
in providing explanation, how concepts change over time, what are the 
intellectual commitments for record-making and traris format ions, and the 
limits of the constructed knowledge of the sciences* They come to 
realise .that knowledge is the product of inquiry. And that inquiry 
comes about as a result of the interaction of the 'conceptual structure 
we possess and the methodologies we choose in the task of building 
that knowledge* 



SUGGESTIONS FOR INTRODUCING THE KNOWLEDGE "v" 

Given all this introductory material on the "V'', it is also 
necessary to discuss some practical aspects of introducing the ''V" into 
the classroom. These ideas are presented to facilitate the smooth intro 
duction of the *'V'', and also provide options for you who will ultimately 
make the decision of what is best for your students, 

1. Do not present the '*V" and its accompanying terms out of 
context. That is^ don*t just teach the terms abstractly. 
The 'W*' should be introduced with respect to a laboratory 
exercise donej a demonstration completed, or some other 
relevant material, 

2. Don*t worry about the structure of the ''V" immediately. As 
you and the class perform laboratory exercises, get them used 
to using the terms of the "V*' *'What is the record of this 
experiment?", '^at is the focus 'question?" j etc, 

3. When the time is appropriate, and the students have a good 
understanding of the meanings of each of the terms, the 
structure of the "V** can be introduced. In some classes, 
you might want to complete some of the ^'V* for the students, 
having them finish the ''V' as a result of having completed 
the laboratory exercise. In some other classes, you might 
want the students to complete the entire *^V'', That will be 
up to you. 

4. As the students, become more familiar with the "V*-, you might 
want them complete the left-hand side as a.pre-lab and/or 
homework assignment, 

5. Large poster boards of completed '«V's" could be placed up 
around the classroom; a list of the theories and major 
principles used in class could be put on a bulletin 
board; also, concept maps could enhance the conceptual 

' nature of the program. Not only will this give students 
handy reference sources, but 'wiU also reinforce the no- 
tion of conceptual teaching arid lenmlng. 
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INTEGRATION OF CONCEPT MAPPING AND THE KNOWLEDGE ''v''' 

The final part of the knowledge "V" section relates the two strategies 
discussed in this handbook concopt mapping and the "V'*, It has already 
been suggested that the left-hand, conceptual, side of the ''V** can be 
represented by a concopt map. The concept map has the purpose to con- 
ceptually guide initial and further inquiries through the formation of 
good focus questions. 




Theory of 
Evolution 



species 



Natural 
Selection 





Darwin 



1 — I I. 

overproduction variation limits 



offspring 



living food 
things 





Variations exist in the 
number of bean seeds in 
bean pods. 



O Q 

Q) if) 



Pods having the same nunjj^ 
of seeds 



ecord the number of seeds in 
each of the 20 bean pods. 



space 



Count the number - • 
of bean seeds in 
twenty (20) pods. 

Figure 15: Integration of Concept Mapping and the Knowledge ''V". Exercise is 

adapted from Kaskel, et a^, C19"773 Life Science' A Learning Strategy 
for the Laboratory j pp, 31-34, 



Using the concept map and '^V'' above, the question could establish 
the relationship between two concepts that are represented horizontally 
on the map, e.g. between "limits of food" and "environmental change," 
Or the question could ask whether one concept is subordinate to another, 
such as, "What kinds of'limits are imposed on organisms in an environment?*' 
Or, as in the example above, whether a concept can be demonstrated. The 
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focus question then sets the stage for the inquiry and provides the key 
for meaningful learning. As each focus question is answered^ the 
conceptual structure of that part of the discipline grows for the student, 
and his/her knowledge becomes more complete and more complex. 

In the next and final section, issues of evaluation are discussed. 
Given the psychological and nature of knowledge orientation of this 
approach, the evaluative instruments are somewhat different than what 
is usually used in science classes. Clear criteria for assessing students' 
ability to use concept mapping and the knowledge "V^' has been devised to 
assist the teacher in determining how proficient the students arc in each 
of these areas. . 

) 
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V. EVALUATION 

ASSESSMENT OF STUDENT-CONSTRUCTED CONCEPT MAPS 

EVALU-ATION OF KNOWLEDGE "v" - IDENTIFICATION^ 
DEFINITIONS, AND EXAMPLES OF TERMS 

ASSESSMENT OF STUDENT-CONSTRUCTED "v's" 
USING THE "v" IN SEQUENCE 

INTEGRATION OF THE "v" AND CONCEPT MAPPING 

CONCEPTUAL QUESTIONS: USE OF THE "v" AND 
CONCEPT MAPPING 
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Materials for evaluating concept maps and "V^s" have been devised 
that arc consistent with the information and background given in this 
handbook* Although these materials have been divided into various 
parts in this section, they actually work together to give the teacher 
a broad spectrum of ways of seeing how well students are performing 
with the various strategies. 

Before each evaluation method is given, a description of what 
that method is intended to do is discussed. These objectives should 
be kept in mind as the teacher both reads the methods and uses them 
in the classroom. 
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ASSESSMENT OF STUDENT-CONSTRUCTED CONCEPT MAPS 

Several fenturos that characterizQ concept maps have already been 
JiHcLi^sod in Section III: they are two^-dimensional , they proceed from 
general to specific, they .show the relationships among concepts, and 
they illustrate some hierarchy among the concepts. Given these foatures, 
it is not difficult to develop some forms for assessing the concept 
maps that students complete. 

Two forms for assessing concept maps are provided on the next 
few pages. The first form (A) is designed to give a "large field of 
view," providing the teacher with a quick overview of maps. The 
second form (B) provides a more compr; hensive scaling of the features 
of a concept map, including some features not already mentioned. Of 
course, the second form requires a greater' amount of time to use pro- 
perly, but thi's is weighed against the advantage of thoroughness. 
Further, the more comprehensive form indicates weaknesses in the mapSj 
and can thus suggest future instructional needs. 



GENERAL OVERVIEW FOR STUDENT-CONSTRUCTED CONCEPT ^NIAPS (FORM A) 



NEEDS 
YES NO WORK 



1, Are relationships between 
concepts indicated on line 
and are they content correct, 

that is valid? ( ) ( ) ( ) 



Are the concepts arranged 
from general to specific? 

(Look for the most inclu- . 
sive concept at the top; 

examples at the bottom,) i ()()() 



Are the concepts linked? 
(Look for lines between 
the concepts. The rela- 
tionship between concepts 
should be indicated. . That 
iSs somethin; should be 

written on the lines.) ( ) C ) C ) 



Is the map hierarchical? 
(Look for more inclusive 
concepts connected to 
two or more lower or 

subordinate concepts,) ( ) ( ) C ) 



Figure 16. General- Overview for Quick Scoring of Student -Constructed 
Concept Maps . 



V^4 



CUMPKLiMliNSlVfi f^OUM ia)R ASSIiSSINli S I'UIMiN r-CHiNS riUICTIiD CONCHPT MAPS (VOm Bl 

In this form, the features of a concept map are expanded* niese 
addLtiunul fuaturcs reflect a luoru comiUete view of concept maps that 
students develt)p, TYxoy .s/iould bo used oaiy after the students have had 
enough exposuru to the strategy, and foel confident to expand the strategy. 

I^nora -ill p^fts jt rn^ ^nap for relat ionship.-s cricenon if no relacion^hips are 
LvsHfj i^Lc ly ijgncitiad b> preper labelirsi^ of tha connecting line. 



RELATIONSHIPS! 



One point ls given ifor each reUtionship between two csncepts provided 
the relacionship 15 content correct and expl ic Lt ij^ stated. No additional 
wredit awarded for dttplicatlon of the same relationship on th^^ concept 
map , 



HIERARCHY! 



BRANCHING- 



Point!?^ are awarded depending- on the degree 
of hierarchy In the concept map. The num- 
ber^ of points given tor hierarchy depends 
upon the number of ^levels that are identi- 
fied in the constructed map. Use the Ji^p 
to tf^e right for illustration. 

One point is given for at least one cor- 
rect^ ralationihip per level* up until^ two 
levels beyond the last branching if the 
map remains linear. 



The branching of ^the concept map refers 
to the level of degree of differehtiation 
among the concepts that are illustrated 
in the hierarchy.^ That is, it attempts 
to rate the degree that specif ic ..concepts 
are viortnected to more general or inclusive 
concepts. That rating is as follows; 

One point for the first bTanching where two or more concepts are connected 
to the concept above. 

Three points for anv subsequent branching where there is an example of 
two or more concepts connected to a concept above. The illustrated map 
above would n^ceive a gcore of seven; I point for Level .li and three 
points each for Leviu 2 and 3. Note that since no branching occu^ m 
Levels 4 and 3, no further points are awarded for this criterion. \ 




GENiRAL TO^ 

specific: 



The concept ftmp receives an additional rating for illustrating a general 
TO specLfic pattern. Whether one concept is more general than the ones 
below it depends upon the line which connects .the two concepts. If no 
general to specific relationships exist, or less than 10% of the rela^ ^ 
tionships arc general to specifiCp the map receives a score .of ;ero. 



If 10 - 29% are correct 
30 - 

SO -^69':. 



^ 1 

- 2 

= .1 

^ 5 



point 
points 



CROSS LINKS! 



Interratedness In a student's concept map i .Jieatei an integrafion of 
concepts* and is depicted as cross links on the concept map. Cross links 
4how .i reiat ignship betwDen concepts on one branch of the hierarchy with 
concepts on mother branch. Notice the-^wo examples of cross links in 
the illustration above,' A rating of one point if g.iven for each cross 
link showing the integration among concepts. No additional points are 
awarded for dupL ication of the same cross link, that is, showing the , 
same inte-^ration of concepts. * 



f-lgure 17, CompTchehsive From for Assessment of Student "Constructed Concept Maps. 
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SAMPLES OF STUDENT-CONSTRUCTED CONCEPT MAPS WITH ANNOTATED ASSHSSMENTS 

The. next three pages show examples of concepts maps that students 
have made during the evaluation phase of our "Learning How to Learn 
Project.'' These examples were solicited from seventh grade students 
•during clinical interviews. The interviewees were given a paragraph 
reading that was based on material that they already had in class. 
After reading the paragraph, the students were asked to construct 
concept maps of the reading. The reading used for the sample of 
students whose maps appear in the following pages is presented below. 
In addition to the reconstructed concept maps, an annotated 
rating, based on the comprehensive scale on page V-4 has been included 
in order to familiarize the teacher with how this type of rating technique 
can' be used* 



Living things all need energy. Plants and animels use energy 
for life activities. Some life activities that both plants 
and animals have are growth, reproduction, respiration, and 
transport of materials, A life activity found only in green 
plants is the production of food. Animals cannot produce 
their own food, so they need the life activity of locomotion 
to find food. ' 



Figure 18, Sample Paragraph for Clinical Interviews used in the Evaluation 
of students' Concept Mapping Approaches, 



2: 



I 



Living Organisms 



Energy 



lUTING; 



Relationships 



Reproduction 



Respiration 



Hierarchy 

Branching 

General to 
Specific 

Cross Links 



(Student has not identi- 
fied any connections ^ 
aniong the concepts. 
Since these connections 
have not been explicitly 
made, no credit is given 
for the other criteria 
as well. ) 



Figure 



Student-Constructed Concept Map #1. This map is included to illustrate the 
importance of the connections among the concepts. Without these connections, 
no other criterion can be determined, and thus, the map receives a total score 
of zero, 
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R/\TING; 



.4 



Relationships 



ORGMISMS 





Animali 




Energ 



Locomotion 



Rpproductlon Grovth Respiration Transport 



[lierarchy 



iranching 



'General to 
SpeciFlc 



Figure 19B., Student -Constructed Concept Map 



Cross Links 



r 



9 [Student ha,s identified 
nine connections among 
the concepts represented 
on the mapi and all of 
these are content correct,] 

2 (Student has identified 
two levels of hierarch)': 
froin ORGANISMS to PLANTS 
and ANIMALS and ENERGY; 
and froi ENERGY to REPRO- 
DUCTION, GROlfTH, etc. 
One point for Level 1, one 
point for Level 2, for a 
total of two points,] 

4 (Student has branched the' 
concepts at the two' levels 
of hierarchy. One point for 
Level 1, three points for 
Level 2 J for a total of four 
points..] 

i 

5: (All of the concepts and their 
levels illustrate the general' 
to specific rulej resulting in 
five points,) 

0_ (No cross links are Indicated on 
the concept map,] 



RATING: 



Rtlationshipi 



Locoiiiotion 



IfilGY 



_ ^ " Organisnii— Plant! 





Life Activities Green Planti 



taeportatiori 



Production of 
Food 



GrowLh Beipiration Reproduction 



Hierarchy ' 



branching 



General to 
Specific 



II [Student has identified 
eleven connections among 
the concepts represented 
on the map. llie connec- 
tion of LOCOMOTION "for" 
TRANSPORTATION represents 
a misconception and thus 
is not coiputed in the 
total.) 



3 



ee levels of hierirchv 
are identified j 

[No branching at Level L 
BrancHing is represented 
at Levels 2, 3, and 4. 
One point for Level 2, 
three points each for 
Levels 3 and 4, for a ■ 
total of seven points*) 



(All but the misconception 
mentioned above show the 
general to specific rule. 
This is greater than the 
§01 level, thus the nap 
is awarded five points.) 



Figure 190. Student -Constructed Concept Map Ih 



Cross Links 1 (One cross linkj sh 

the integration of concepts 
is represented; ANDIALS- 
ORGANISMS-PLANTS'LIFE 
ACTIVITIES.) 
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EVALUATION OF THE KNOWLEDGE "v'' - IDENTIFICATION^ DEFINITIONS^ 
AND EXAMPLES OF TERMS ^ 

This aspect of the evaluation of the implement at ion of the 
"Learning How to Learn Program" in your classroom is a simple, straight- 
forward pencil-paper format. Its objective is to determine if students 
can iJentify the parts, of the ^^V,'* define each of these. terms in their 
o«n words, and, given an example of a laboratory exercise , identify 
an example of "record," "concept," "knowledge claim," etc, in a labora^ 
tory exercise. The format is given on the next two pages. 

You will notice that page V-11 contains two laboratory exercises. 
These are examples that we have used in our research. For a test that 
you would devise, one example from work previously done by your students 
should be used. ^ 



NAiME: - _^ DATE: ■ SCHOOL: 



DEFINITIONS AND EmES OF THE TERliS OF THE V 

^ rnstructions: Below is an outline of the "V" that we have been using in class, As you know, there 

i^'. are nine terms that are used with the "V", In each of the spaces with a double line (— )/fiIl in 

a the proper tera, and write the definitions of that ten in the space desiinated by theHnjile line ( ). 

3 ' , ' _ 




Q 



fnMi'uaions: m&a \^ m Hm\AQ nf n f>mfk IsiNinitnry muHt that j^^ 

sifliliir to ufjc ypu hdv? airendy in dm. Rend thrnuijli the eiiefvl!^!' 

Ciififfully, and ikw Ideiitif) wliich piiif of rlie liibnfiitnry mtQ'm h 
itn giniii|!l^ af each of um nruiirii the 



. rRDILIiH: Mn variatinn^ eiiii^t in the ijiiiiiljer of seeds phi 



BACraUn!!;' Are rherc two pen|!h' in ynyf dnM bhf! Innk iilikf'' I'ven if 
idintif.ll are present i tfiu ini^won to this questiDfi will nlway^ ho 
that f.ti two ppople m mtUj alUe. iiEUFal seleetien §t.it?H thar 
^ill livifi| thifigs 'sjiow §niiis djffgrenee^ when eoijiared to ciieh otlief 
^cifntiHt^ liavc mik thf ^tatMt that there h ijiiidi variiitinn even 
aniong livinij things thiir m cln^uiv rrUted, ^OBictjiiit?^ \\m mktlm 
m He lirlpfiil to liiht ■^nil bI'V .^di^iintiigt* pvpf 



^UrhfiI.\IJi; Irt^Mi [win Ufi^pn nr effing IfesnM 
ItHli'liiikfii 

^ Cnuiit th? nt!mhf*r nf heiiii smH rhiit vfiij find In eadi. riunit ill ^i^f"> 
oven \\ i\m m wW. 

nf iMfih hiinni thnip fnhfih^f (if srnh liqeii Then pffpnre ii ii|ir ^riph 
nfymif re«iuli?< ' '\ ' 

NljM OF 5HEf)^ tUM PHP 
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^ ^ I f I * * i T M « pi 

(WlJi^ln^^: I^;i4ptj on fho fp^iilfs i?3fiit lofi^ in the n!*r i^f lii 
he.lli pirints Jfle^ esj^E, liiP milnlf^f f»f ^Ced^ Cniihl h^nfiil 
frt the nfgfDi^p h!*Cii.N«n if f^ivf^ theSi^iin .idvantiijif nvfr «t!irr 



Figure 20B. Two exainples of labontory exercises 
used to deterniine whether students 
can identify exaniples of ternis of 
the Knowledge ''V''. • 



m hiivc slrc'i^ m\M{4 ip ^\m. kd thrmipii the mm^ i;iri'ftf!ly, HiPn, idpiitiry 
bv limlprllnnii^ nr Cirtiliiii thut pnrt of llic umm tlinr t'i)rrv*^ii(ii)il?i (n omh (if tliu trnim 
afouhd tha 'T'. Lptigl tni^f part^ li^n^ \k hw nf tin' "V'\ 



riND nilT: llfitf liiiidi liQjit hiM hot ifmi wn^hcn whiMi tlu^y m plnrd in w^itrr^ 

lACrllliiliNIl: 'Ww \\m\k mlmht mm i\i\m thnt thn iijf^Minf (if hrnt mff;^ \\\\ ^Mhstiinci? 

rt'hted to the kingiic oner^v yf thi" m\m\n aiiil tln^ niiifihec of ninlccHlis 
ifi thiit i^uhMiince. h \\m i^ jjivcn nff W irSiilmtiiiuT, rht' mnli'uili's In tliiit 
^lih^tniiC!* mnVe mm slowly. heit 1^ luliliil In ii liiliUiifiiT, ilip fRnlffiiles 
mn mrv quickly, m of ilifffri-'ht tpntpff.ifiirrs mv hm\^U 

nPiiF triith nther df iiro wUpdi hc'it frnfii tlu- \t:ifmt $\\H\m? U imw nff U\ 
the esoler snbstanef until hath siilnfinit^r^ rench thi mv tonpenituri', llir 
niHQiint of lieat jqit hy the Hiimr ^^uh^t.iniT rqiMl tn Hip mmwi nf htMt 
pninn! hf the conlcf ^iili^taiicn, i 

A theriiiiiiiiQtQr on in^triiiDsnt th.'it iiieiii'nfe'i tk' .ivt'r,i|;^' Fperd nf \hv iflfllrciiles 
in (i ^iih^tan^T^ Te mm\f the [iTOfit of hnt, n prrsnn u^in hsp n nlnrlfnc'trr. 
Rp^icli!l)^^ 11 calorifflorer i^ nnthiiig mm than nn in^iijiiieil cniiiiiint'f Vjth n 
therinofnerrr fitted intp iL llip nnnf ''i'lilnrimpt^r" vmm hm tht' fnct that 
h?ot 1^ iHfii^nred in eiilOflO^ i i'lilorie helnp. ilif .ifiitinnt nf hi'nt thnt will 
fiiiM the tqfii[icryti!fO df tine grani of wntcr one degree Cebin^i 

NATfRlALB: cardhQnfd, reUiu^ themDineter, nn^ ^t^^nd jiml ring, of km m^m^ 
. ^tyfgfoafii mp, Hif? pul?, iffin wnihpr^j ^aliinvc, hfiil^cr, ^tfin^, (nn^j 

hnnsen hiirnpfi inatche?. * 

pNfCflllUlJf!: 1. Msk? li Mfflplf EalariMter hv pUcitii; im ^tyrofnp cup inside iiiinthpf, Mii|;o 
a lid frofli a f\m fif c^rdhpSfih riioch a hnle in thr lid and p|nt:p \k thrfmn^ 
mUf in the helc; 

h Mm^ the bnl^nc?, find thr nf thr rntiff rnlnri^f^tor, infliidinn flir 
thOffflOinFEef. Nrlto thi^ mM (M.l in thr %fm hflnw, 

h, iiiilf fill thf eajnririftQf with Wfiter, Find thr ma^ iif the fnlnriuietfr ' 
with the in it. Nfite tlir mn {if the calorim'tcr iml i^itrr (N^l In thr 
Spiicp hrlow, 

I, Measure the tcRiperijtnfe pf th? i<ntfr inMdo th? aliirinicttT, i^rltr thi^ i 
tpfflpefjitijfc ^ th initial teifiperiitiife of \k wnfDr [jj) in thi* •^jMir helnWi 

^. Tie ahijiit ErR irSn wa^hef^ tcigethrr with i plcer of ^rlii^, k\ ^ Wrf 
nf wqirf ovpf the hun^rli Nrnrr^ thr wntrr linih^ I'lnrr thr winhprn in 
the Kiitef, Leive in the watrr fnr ^.evcrnl mmU-'^i ii^ln^^ the tonpj 
quicUy reipovr the w^ishwers frnifi the hcilter rmd pbu'D ihr'n in the rnlnrfnieEcr, 
Ph^erve iind write the hi|hr5t rciiipofntiiru w\M on tlio iliurmi^nrter in 
the ealorifiirrrr. Kritr thi^ tritiporitiirr ff^Mn the ^pacr hrhn^ 



n(i^l;|jyATfnNS 

A.N1I D^TA: 



rnifipiitp thp Follnwin^: 



fnlnfie^ Haincd hy thf i^nt^r |(M. - ff 1 ^ {l. . TJh e'ilnfif?J 



W\n nf the wntrr (H, - Hj) - 
\'\m^o in Trinperatiirr (1\ = Tji 



0)N(Min^B; 'flir m^tf^ \M hent thr Hitff . ^infr thr mM ^nined J/n-oalorirs nf 
licnti the w;j^hef^ii^t tN an fipi/il atpnjt nf hrat W^^^mmi)^ 



< 
1 

N 



., V-12 

ASSESSMENT OF STUDENT-CONSTRUCTED ''V's" 

.. Although the title indicates that this evaluation method is 
intended for use in assessing student-constructed '^Y*s", it is impor- 
tant to remember that' the ''V'V is also a pre-^teaching tool, and thus 
has applicability there as well. 

The objective of this part of the evaljaticn is to determine how 
good are the ^'V's" that students prepare* The first form of the . 
evaluation gives an overall picture of the "V* and attempts to locate 
largfe holes in the students' work. In other words, it gives the 
teacher a large field of view so that a more general picture can be 
determined. The second form is more comprehensive. Its function is 
to give the teacher h closer look at each of the parts of the *'V'^ 
and to assess the students* performances at developing a focus questionj 
at recognizing the major event, at chocking the records and transforma- 
tions, etc, for. each of these parts of the '*V'* a range of scores can 
be assigned. The range is constructed from zero ^0) which indicates 
that there has been nothing written for that part of the "V", through 
an optimal score for that parts This form can function in two ways. 
First, it can help track the progress of .a student over time in each 
part of the **V^', The "Progress Sheet" on page V-17.can be used to 
follow individual student progress to see where major difficulties 
9till stand out^ and where the teacher should concentrate in subsequent 
work with individual students. Second, the total of all the parts of 
the "V" can be used to provide a single mark for laboratory exercises* 
This mark is represented at the bottom of the "Progress Sheet," 
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GENEW.L OVERVIEW OF STUDENT-CONSTRUCTED '^V's*' (FORM A) 

This checklist gives the teacher a geheral assessment technique 
for evaluating student-constructed *'V's--, As the students and the 
teacher gain more proficiency with the range and use of the ^-V''* 
the teacher will probably want to use Form B on the next page* 
However, this form will serve the purpose of initial assessment. 



Figure 21, General Assessment of Student-Constructed "V's*-. 

Needs 

^ ^ Yes No Work 

1* Does the focus question attempt to 

relate two or more concepts? [ ] [ ] [ ] 

2, Does the focus question relate 
to what agoing to occur in the 

raboratory exercise? ' [ ] [ ] [ 1 

3« Has the student properly 

identified the major event? {\] [ ] [1 

4* Are relevant concept identified? [ ] [1 [ ] 

5. Have relevant principles and 

theory been identified? [ J [ 1 [ ] 

6* Has the student made adequato 

records end trans forniations? f 1 f 1 [1 

7. Is the knowledge claim clear, - - ^ 

complete, and consistent with 

the focus question? f I II t 1 



•J 



COMPRtmSSIVE FORHOR' ASSESSING S' 

Focus ijuegtion: ' . - 

0 • no focus {|iiestion i^i identified, 

1 a question is identified, but does not focus upon 
the objects, and 'the major event OR the conceptual 
side of the ="V". 

2 - a focus question is identified; includes concepts, 
but does not suggest objects or the major event OR 
• the wrong objects and event are identified in 
■ relation to the rest of the laboratory exercise. 

''5 - a clear focus question is identifiod; includes 
" concepts to be used and su^^gests the major, event 
and acconipanying objects. 

Qbjects/[!vgnt : 

0 - no objects or event is identified. 

1 - the major event OR the- objects are identified und 

is consistent with~the focus question, OR an event 
and objects are identified, but are inconsistent 
with the focus question. 

2 - the major event with acconipanying objects is iden- 

tified, and is consistent with the^ focus question* 

3 - same as above, but also .suggests what records will 

be taken. 

Theory j Principles p and Concepts : 

0 - no conceptual side is identified. 

1 - a few concepts are identified, but without princi- 

ples and theorvj or a principle written ij the^ 
knowledge cl aim sought in the laboratory exerciie, 

2 - concepts and at least one type of principle 

(conceptual or fiiethodolo|ical) OR concopts 
a relevant theory is identified, 

3 - concepts and two types of princi|les are 

identified i OR concepts, one type of prin- 
ciple, and. a relevant theory are identified, 



iENT'CONSTIUIClj;il ''V4^' . ^ " / 

). 

4 - concepts, two types of principles, and a 
relevant theory are identifiod. 

Reeords/Transforiiiations : ■ 

0 • no records or transforniationa arc identi- 

fied. 

i 

1 - records are identified, but are inconsis- 

tent with the focus question or the 
'major event. ^ 

2 - records OR transforinations arc identified, 

but not both. 

3 - records are identified for the major event; 

transformations are incon.n.stsnt with tiie 
intent of the focus question. 

4 - records are identified for the inajor event; 

transformations are consistent with the focus 
question and the grade level and ability of 
the student. ' , ^ ' 



■ Knowledge Claim ; 

0 - no knowledge claini is 'identified. 

1 - a claim that is unrelated to the left-hand 

side of the W, 

2 - a knowledge' claini that includes a concept that 

is used in an impropet content OR any general- 
ization that is inconsistent with the records 
and trans forniations,. 

3 - a knowledge claim that includes the CODcepts 

froni the focus question and is derived from the 
records and transfoniiations. 

4- sale as above, but the knowledge claim leads 
to a new focus question. 



Below and on the next page are three examples of "V's** for the 
saine laboratory exercise involving heat loss and heat gain. Each "V" is 
completed and annotated to Indicate what mark that part of the ''VV' 
would receive based on the criteria on page V-14. The mark for that 
section appears in parentheses at the start of each annotation, 

pn page V-17 these three sample ''V's'' are recorded on the "Student 
Progress Sheet*" 



(2) Concepts and 
one type of prin- 
ciple is given; 
no theory* 



(11 Focus question does 
not focus on maior event 



the dep'ee of hdt^c*9B or 




Aa hot washers are 



CI) Knowledge 



placed In water, th9 Llailll nOt tied tO 
lev^l of the water rlsts . , * j _ ' j _ 

left-hand sider. 

; 



Olffeftnee in 
Wster Levtl 



Level of water after 
Waahers put In 

Level af water befsre 
Wnghers put In 



[1) Records and 
Trans formations 
iiot related to 
the major event 
md focus question. 



Hot washers placed in 
calorimeter 



^2) major event is indicated;^ 
— no indication of what records 
will be taken. 



Figure 22A. Sample V#l with Annota^ted Evaluative Rating for a total of 
seven points out o,f a posHihlc eighteen. 



4^ 



ERIC 



V-lft 



(3) Con 
one typ 
princip 
a re lev 
theory 



cepts , 
e of 
le, and 
ant 



(2) no event suMMOSted 

j ffov .f&i ^Q'^ gip^auTf? the heat logfe | 
by Iron wagherat 



Hnly het w&gh^r? leaf 



Kent li a feriB '^f 

Heat Is'* rTsasuTB of 
the ssl^eular Tiotlen 
In ^ jubst^ce^ 



H?at ^ Sner^^ s mper'itur*^ , 



SAMPI.E "V'' *? 



/ 



TempeFstur? iefore Vashsfi ^ 

^ * Water ' 
^ Nasi gf Calaflm*fc#r ^ 



"j '^2) Generalization 
_jis too broad, ^Im- 
proper contekt for 
^*only.»' 



(2) No transforma- 
tions made. 



/ 



^fainHmtterJ No event given; only object. 



Figure 22B. Sample "V** Ifl with a total score of ten out of a possible eighteen* 



(3) Focus questinn relates 
concepts ; suggest major event 



Conce 
'pes of 

eSj and 
mt theu 

ven 



pts, two 
princi- 

a rele- 
ry 



Kinetic Thaery of Matter 



ean you sieasure 
^ by het Iron vashtrs 
plained 'In a Eii4orini< 



Hest is a forai of ^ner^ 
Heat is the iii^asure of the 
nale€ular aptlon Ln 4 
iubstanee , 

A salerl? la the w&dyn^ of 
Jieat needed to fslae the tewp^ 
fr^ture of water l^n. 

Lav of Cofiierrmtlon of Eaefi^" 
A therpoa^ter meaauf^a the le^e< 
of hotneag of soIdneBs In m lUb^ 
stanfe> 

h aslorlJi€ter La an Inatrwent that 
aeasurei h^at. 



Maaa, temp^fstui'e, calorie, heat, j?nefj^ 
galorlfliifteri lole^uiaf motisn^ thtrmarteter. 



the heat lest l/^WaaheF3 . lost heat to 
vhen ^-hey are/ to water, Water gained 
tter? / _ ealoplei jpf h^at, 

-i-Waaheri Isat on equal 
ajnount of f^iloFles as the 
water |alned> 



5, 




(3) Includes 
concepts; 
answers focus 
question* 



^ ' raass of vater 
- * ehange In teinpeFature 



5E (Tg - T^) 



fl^ ^aas gaiarlraeter ^ . 

H^ssiasi of eaiorlffleter * vater * 

r7*t#ntpef atupe of water In eaiorl^ter 
fgShighest ttiaperfttur,^ of water ^ 
^ after hot waaheri were adiled 



(4) Records 
and transfor- 
mations com- 
plete* con- 
sistent with 
focus ques- 
tion* 



Hot waahers placed In 
water In a ealorimtter * 
F^ord maaa and ^hangf 
in heinp'?ratiirei 



-J 



(3) Major event with objects; 
suggests records to b*^ taken. 



F-iKure 22C. 



ERiCf 



Sample *'V" « 
eightoon. 



3 with a total score of. seventeen out of a possible 




Figure 23. ^Fhe Student Progress S!\eet . 1Tio purpose of this sheet Is to 

provide the teacher witft a quick visual overview of individual 
student progress in relatjon to t1ie parts of the "V*. The 
total score at the bottom provides a single defensible rating 
for the student's laboratory exorcise. 



V= IS 



USING THE "v" IN SEQUENCE 

rhis piirt of the uva 1 t i t)n attomptH to duturniinQ if the k[iciwloilij;e 
claims from prcviuLis uxpiMMinents can uporate as concuptLiai principlus 
in ^uh'^equent cxpcrliiiGnrs . In '*V" "I he low, the student reaches the 
claim that carbon dinxido ii^ given off dLiri.ng fermentation. Knowini^ 
thar, *^hc student can use rhat information as conceptual principles for 
determining o^her knowledge claims about yeast fermentation. In ''V' If 3 
the student takes tlic knowledge claims from the previous two experiments 
and uses them as conceptual principles for the now focus question. Bach 
"V" can bo evaluated on the basis of the criteria already identified on 
page V-i4 in this harulbook. The teacher should, hQwover, concentrate 
on whether these previous knowledge claims are being used as conceptual 
principles in the subsequent experiments . 



Vaff By yeaat durim ths Aa given off by 

of titw^ntm- //^^at during f«r^ 




tlooT 



Brosthyraei 
i^aa indicate the 
praaenCe si* CU 



SfaifltnySiOl 




thysei 



Teat with hfrmthymol't 
f^aerd any ghaJi^^a tii 



fgaat and MDl»ii*se3 
pFOdUOad Lnt,u 



Is yeast sell feraeat&tlory the tsspgratufe 
^affeQtad by differences iiy Incra&ses , Uia fgte of 
L t.SDperftlure? / ferment at Iqii Increases* 



ReipiraEisii^ 
COg given off 
dicing farsinta- ' 
tion^ Brosthy^l ^ 
say Lndicate the 
presence 'af CQ^ 

(from V 



CQ^ , yeast, 
feraentatlQn , 
BrOBthyiElj t#aip- 
gf ature * 




Chert QQsparli^ Qolsr 
change of BrosthysQl asil 
tesper&ture « 



HeuQrd tempefatufea aV Ci23ta; 
ReQQfd CO lord of Brosthymol 
after sertaln tls^. 



AtiSim events aa 
fl^ but under 
v^'^rylng tempera— 
tixrei 



is fermenttitlon affeeted 

by th^ kind if food given 
the yeaat aella? 



HBsplratlsn, 
BroMthyBql aa 
inUldator uf 
preaenea of tJO^ 
tea^ra^ire af* 
facts r#|hsentatioiK 
{ froffl V >a) 

u'O ^ J /east, f^nneh^ 
tttllofij BrQiflthya«l. 



NEEDED HEQHT^IiAND BIM 



OF "V" 



Figure 24, Sequences of Laboratory 
'■V's*' showing construction of 
principles from previous knowledge'^ 
claims . 



INTEGRATION OF THE AND CONCEPT MAPPING 

At this stage of the evaluation of the introduction of these 
strategies Into the class room, the student should have a firm grasp 
of both techniques. IVhat t/me is- appropriate to integrate concept 
mapping and the "V*- deper|ds upon a number of conditions: ability of 
the students, pacing of the class work, and how intense the exposure 
to these strategies has been previous to this time, ilowevcr, when 
the teacher feels that the students are ready, the integration can 
begin . 

In our studies, one teacher eased into this integration by having 
students construct small concept maps for the "background'' information 
of an experiment. This exercise was given for homework or in the 
pre- lab discussiun. After the experiment was completed, the students 
proceeded to construct the "V" for the exercise. ^ After a few trials 
with this method, the students were asked to take this preliminary 
concept map and make it the left-hand side of the ''V'\ 

Evaluation of the integration of both concept mapping and the "V" 
involves taking certain aspects of the assessment techniques already 
mentioned in this handbook. Here then are some general guidelines 
as suggestions for implementing the integration: 

1. men assessing a student*s ''V" delete "Theory, Principles, 

and Concepts" from the criteria for evaluating uie "V" (pa^ic V-14). 

2. Substitute either the general format for assessing concept 
maps (Form A), or the more comprehensive (Form (B) . It is 
recommended that the more cteneral form be used at first, 
and then switch to the more comprehensive form as students 
become more familiar with the integration. 

3. If the students have already come this far with these 
strategies, it is not recommended that the teacher use 
Form A for assessing the "V". Form A is too general to 
provide the kind of specificity that Form B prb^/ides. 




CONCEPTUAL QUESTIONS! USE OF THE ''v'' AND CONCEPT MAPPING 

As Ln the previuus suet Ion, tiie student should be completely 
fnmllirir with the stratouius of concept mapping and the Knowledi^c "V', 
This sect Ion of the handhook attefn])ts to suggest techjiiquos that can 
bo used to determine if the strategies hrive had any effect on meaningful 
1 v:i rn in\i [ Sect inri If). 

How students learn Is affectetl to scime degree by the kinds of ques = 
tions whicii they anticipate on tests and quizzes. If the students are 
asked only cjuestions that rociuire rote memorisation, and if they have 
experienced success by learning that way, then there will be less 
incentive for them to learn in a meaningful fashion. 

The technique that we advocate Involves the construction of what 
can be called ''conceptual questions." There are not what some may think 
of as "thought questions" or "brain teasers," Ajiswering a conceptual 
question requires ^hat students employ meaningfully learned concepts, 
facilitated through the use of the strategies of concept mapping and 
the Knowledge "V", 

Although it is highly improbable to devise questions that totally 
eliminate the rote mode of learnings it is possible and desirable to 
devise c{uestions that minimize this factor and which are more conducive 
to being answered by the student who has learned meaningfully* These 
kinds of <|uestions can also be used in a variety of situations, including 
ruvi'nv sessions, independent study, as well as test construction by the 
teacher. 

Two examples of conceptual questions which were used in our research 
are described in the next few pages. Both involved a description of an 
experimental evc^nt which paralleled one that the^ students had previously 
done in class, and which contained concepts that the learners had already 
encountered. 'Hie first example illustrates how a laboratory exercise 
already completed can pave the way for the construction of a conceptual 
cjuostign. 'fhe second example relies on a different conceptual system , 
(atomic theory, in this case) to offer an explanation for an event usually 
associated with electricity. Following the description of each example, 
the method for evaluation of the questions is given. 



CONSTRUCTiNG CONCHPTUAL QUIiSTIONS: KXAMPLH n (THE WINliBOITLE) 

The fol lowing is a iiiethod for construct ini^ conceptual quest ions. 
ThLs first example will be used to illustrato each step of the method, 

1. Select an experLmental event that the students have been 
exposed to, and construct a concept map for the left-hand 
side of the -'V' if one has not already been constructed. 
(See Figure 25 below. 




Closed 
Container**^ 



Figure 25: rncomplete "V^- with Concept 
' ^ for purposes of construc- 
ting conceptual questions. 



Flask with thermometer and 
tube with water droplet in- 
side. Heat in bath of hot 
water- Record changes in 
temperature and height of 
water droplet. 



2. Select another experimental event for which the same concepts 
would be relevant. tn this example, the event was a capped 
winebottle that had boon moved from the refrigerator to a 
sunny windowsill. 

3, Construct a conceptual answer to the question to anticipate the 
kinds of conceptual links that tho^studcntB might offer in their 
explanations. ''Dissect'^ that explanation, picking out those 



Si^nttMKx--. iiulicato :i link between or among conceptH, 

Inr iiiuaiUHs viHir anticipated explanation might include 
sueli soil t ences as ; 

h:xi'AN:3in:: oui: /u an increase' in the distance between 

MOLECl'LES, 

HEAT i>V OIHECTLY HEEATED TO THE AMOUNT OF MOTION OF THE 
MOLECULES IN A SUBSTANCE , or 

THE PRESSURE t)E A GAS INSIDE A CLOSED CONTAINER INCREASES 
AS THAT tSAS IS HEATED^ 

4. In addition to the correct cnnccptual connections that should 
he anticlpatod, the teacher should also prepare a list of 

ml sconcept ion-s , commonly hold by students, 

AS HEAT IS ADDED TO A SUBSTANCE , THE MOLECULES EXPAND, 
TEMPERATURE AND HEAT MEASURE THE SAME THING, or 
OASES ^ ARE HOTTER THAN SOLIDS, 

5. The actual test tiue^tion should include four elements consistent 
with the information above i . a clear focus question, a major event , 
some record of that event , and the concepts necessary to sort out 
the event and answer the question. Below is an example of a con-^ 
ceptuul Question used in our research* Please notice that all of 
the necessary elements are present. 

nrRBCTIONS: Read the paragraph below very carefully, and then do the 
the following: 

-construct a concept map which includes the following concepts; 

kinetic theory, heat, temperaturD, gas^ molecules^ volume^ 

pressure, and expansion. 
=using that concept map as a guide, and including as many of 

the concepts into your answer as you cani explain why the cork 

popj^ed out of the bottle* 

An empty wine bottle Ls left in the refrigerator overnight. In the morning 
it is taken out. A: cork is stuck in the mouth of the bottle, and the bottle 
is left on the windowsill where the warm rays of the Sun can hit it* Several 
minutes Inter, the cork pops right out of the bottle. 



V=25 



6. Several variations of this kind of question is, of course, 
possible, but the iiuijor elemunts mentioned already should be 
Included. You may, for instance, dacidu that you do not want 
your students to construct a conce[)t map as part of the answer. 
Although the constructed concept map may bo helpful in indicating 
areas where misconceptions exist, our research seems to demon= 
strata that the making of a concept map is ipt necessarily 
imperotiye to answering tliu question* 

7, One final feature that our research has shown to be important 
should be considered. h\ our attempts to construct conceptual 
questions, it has been found that the list of concepts must 
include one superordinate concept under ^hlch all the others 
can be subsumed. In the example given above, that superordinate 
concept was ^'kinetic theory.'' In the next example, it is the 
^^atornic theory,'' implied because of the presence of the concepts 
"electron*' and '*proton*'* 

CONSTRUCTION CONCEPTUAL QUESTIONS: EXAMr .E n (ELECTRICITY) 

Using the method described in this section, another example of conceptual 
questions was designed during our research. Again, the major elements are 
present: a clear focus question, a major event, some record of that event, 
and the concepts necessary for the student to answer the question. On the 
next page the question that was given to the students is provided. 



*This is consistent with our thesis that concept mapping is^a heuristic 
devic- needed only to facilitate meaningful learning. Once the mean- 
ingfuf learning has occurred, the construction, or re^construction, 
of a concept map may not be necessary. 
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The apparatus shown in the figure above was set up by a science 
teacher. Bar "A" and Bar *^B'* arc exactly the same size^ but are com- 
posed of different materia is. IVhen Bar '-A" is use to coniplete the cir- 
cuit, the bulb lights up very dimly. IVhen Bar ''B'- is used to complete 
the circuit, the bulb lights up brightly* 

s 

QIJfiSTION: Wliat must be happening inside Bar ''A" that is different 
than what is happening inside Bar *-B"? Use as many of the following 
conLCpts as you can to answer this question » or include any other 
concopts that you feel necessary to answer the question. The concepts 
incluile: attraction, conductor^ charge, electronj insulator, resistance, 
jiroton. 
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APPENDIX I I 

Sample concept maps from clinical interviews and class assess- 
ments (1979-1980) in Trumansburg, and Vestal. Each map is 
identified by the student number, and is rated according to 
the criteria for assessing concept maps (Appendix I, Section 
riI-4). The following key is provided to identify each 
crfterion o£ the assessment instrument: 

R = relationships identified 

H ^ hierarchy 

B = branching 

GS - general to spocific 

CL - cross links 

Two sample clinical interviews involving the construction ^'of 
concept maps. FiTrt^ne from a student in Trumansburg^ the second 
from a student in, Vestal , 



R = 4 

B - 0 

GS- 5 

CL = 0 
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INTERVIEW FOR CONCEPT MAPPING (B.l) 
Student #003 Seventh Grade, T-burg JHS 



October 10, 1979 



Doug Larison - Interviewer 
CT-I-3) 

- I'M DOUG LARISON. I'M FROM CORNELL. WE'RE WORKING ON THE PROJECT ABOUT 
CONCEPT MAPPING WHICH YOU'VE DONE IN CLASS. 

-Yep 

-JUST TO MAKE SURE. WE'RE TALKING AOBUT THE SAME THINGS, COULD YOU TELL ME WHAT A 
CONCEPT MAP IS? 

-It's a map that you have one main thing (UH-HUrt) , then you draw lines to a.dd parts 
abbut them, .. .and then you draw more lines that tells a^out the space COH^HUM) , . . . and 
then semetimes you might draw lines th^t cut across that match= different ones from 
this side (UH- HUM) , . '.match up. We did one about respiration (UH-HUM) . . .and blue at the 
base (BLUE IS FOR BASE?). Yep COK, GOOD),... and beef bullion (BEEP BULLION, TOO. HUH?) 

-Yep 

-GOOD... WHAT DO YOU USE CONCEPT MAPS FOR? 

-To,.. find things more about 'em. (TO FIND THINGS MORE ABOUT THEM?). Yep. 
'-WELL. WHAT KIND OF THINGS? 

-Well, you could ...sometimes you might want, to find what they eat, what animals ^eat 
(UH HUM), and maybe they could have something like scales... or just to know what they 
-look like, and. . . 

-UH HUM, GOOD. ... WHEN WOULD YOU USE THE CONCEPT MAP? 
-Sometimes in tests maybe. • 
-ALRIGHT, YOU MEAN AN EXAM LIKE WHAT MRS. DE FRANCO WOULD GIVE YOU? 
-Yeah ' * 

-OK. ANY OTHER TIME? " . 

-Ita. ..Probably 'd be some but I can't think of any right now. 

-THAT'S ALL RIGHT" ... HOW DO -^YOU THINK THAT CONCEPT MAPS HELP YOU= UNDERSTAND THE 
MATERIAL BETTER? 

-(long pause) IS THAT TOO HARD A QUESTION FOR YOU? 

-Yes, I'm not sure about it. 

-OK. SOME OF THE STUFF I'M GOING TO HAVE YOU DO AND WHAT I'M ASKING RIGHT NOW (yeah) 
YOU SHOULD UNDERSTAND. THIS IS JUST FOR THE PROJECT THAT WE'RE DOING. OK. THIS IS 
NOT GOING TO AFFECT YOUR GRADE IN ANY WAY. (okTOK. AND IF IT'S ALL RIGHT WITH YOU. WE 
MAY LET MRS. DE FRANCO HEAR THE INTERVIEW SO SHE mOm WHERE YOU ARE WITH THE CONCEPT 
MAPPING. IS THAT OK? 

-Uh-hum. k ' 

-OK. GOOD. COULD YOU GIVE MB YOUR NAME AGAIN JUST SO WE HAVE IT FOR THE TAPE. 
-David todrews. 

-OK. I'M GOING TO GIVE YOU THIS PARAGRAPH TO READ (uh-hum), OK?. Cuh-hum) , AND TAKE 
YOUR TIME; YOU MAY WANT TO READ IT MORE TOAN ONCE, (ok), SO YOU CAN GET ALL THE IDEAS IN 
IT, AND WHAT I'M GOING TO HAVE YOU DO IS, I WOULD LIKE YOU TO WRITE ALL THE CONCEPTS 
— OK? ■ 

-uh hum, . 

-AND AS YOU FIND THEM IN THIS PARAGRAPH, JUST WRITE ONE ON EACH LITTLE SLIP OF PAPER. 
THERE'S LOTS OF THEM 'THERE. OK? YOU MAY WANT TO READ IT^THRU FIRST AND THEN KIND OF 
WRITE IT DOWN, OK? ' ' 

-Yep. (Pause while David reads the paragraph and writes on the slips— -2mlnutes) 

— IS THAT IT? 

Iok! now is TfflRE "anything IN THE PARAGRAPH THAT YOU READ THAT YOU DIDN'T ONDERSTAND? 
-No. , ' . • 

-NO, 'YOU'RE SURE? 

-uh-hum. ' f^m" - „ 

-OK.. COULD YOU TAKE OUT THE nONCBPTS THAT YOU WROTE (yeah), AND YOU'VE DONE CONCEPT 
.MAPS BEFORE? (yes) . GOULD YOU USE THESE YELLOW SLIPS OF PAPER 
-and lines? ^ 



O D KIND OP SET IT UP THE WAY. YOU WOULD A CONCEPT MAP. Ori i 
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•(-pause while David sets up his concept map ---1 minute SS seconds)....^ 

•aWD ... YOU'RE SURE THAT'S HOW YOU WANT IT? ! 

-Uh-Hum. m 

-OK NOW FI^T I'D LIKE TO JUST KIND OF IDENTIFY WHAT YOU'VE DONE FOR THE TAPE RECORDIf^ 
SO "that WE CAN REMEMBER IT AT A LATER TIME. - YOU PUT ENERGY ON THE TOP HERE AND YOU 
CONNECTED THAT TO PLANTS AND ANIMALS. NOW WHY ARE THE ANIMALS CONNECTED TO THE ENERGY? 

-Well, animals produce energy (UH HUM), plants produce energy CUH HUM), 

- AND DO THE ANIMALS ALSO HAVE, WHAT IS THIS? 

-Reproduction , ' . 

-OK. HOW, WHY IS REPRODUCTION IN THERE? 

=W#lTv^to keBp"'^^^ babies and stuff. 

-I SEE, I SEE, 

-I connected those two because all of the four go together. (OK) That's why I conneeted 
all those, 

-ALL 4,— YOU NffiAN REPRODUCTION, ANIMALS, PiJSNTS AND RESPIRATION? 
-uh-hum. , 

-THAT GOES TOGETIffiR?. _ ' ' . 

-uh hum, ' 

-HOW DOES TOE GROWTH AFTER RESPIRATION? HOW DOES THAT WORK? 

-im Glong pause) (/m^J 

-OKj^TOU PUT TRANSPORTATION AFTER REPRODUCTION^^ON THE OTHER SIDE, 

-Yes , ' ' 

-HOW DOES THAT WORK? (-p^se by student) /' 

-Well, maybe I should have switched them around. It would be eagier... 
-WHAT, WHAT, IF YOU SWITCHED "nffi GROWTH FROM THE TRANSPORTATION? 
-No - here, 

-LIKE THAT? " .• 

-Yeah. 

-OK. NOW HOW DOES TOAT CLEAR THINGS UP? 

-I'm not sure about that one yet, but when they reproduct, they have to grow niore 

to feproduet more. . fxya-fi) 
-OK. TO REPRODUCE MORE, ,\THERE ' S GROWTH THERE. ' . 
-OK, THEN I SEE YOU ALSO HAVE A CONNECTION TO LOCOMOTION. DO YOU UNDERSTAND THAT 

WORD, LOCOMOTION? 

Somewhat. 

-OK, YOU i©JOW WHAT A LOCOMOTIVE IS? , 
-Yeah 

-A^RAIN , • " . ' 

-Yeah - 
-AND Ldca40TI0N JUST REFERS TO THE MOVEMENT, OF THINGS. WHY IS LOCOMOTION PUT WITH 

ANIMALS? , 
-Cause they have four legs..,and they run.,and waik,.and 
-GOOD, GOOD, GOOD, ^g'^ 

-YOU ALSO CONNECTEdJ ANIMALS AND PLANTS WITH ORGANISMS. WHY IS THAT? 
•Because plants I animals are organisms. 
-GOOD. GOOD, ONE MORE? (-long pause by student) 
-I DIDN'T MEAN TO CUT YOU OFF. WAT'S WHY I -- DO YOU WAMT TO SAY 
ANYTHING MORE .ABOUT THEM? OR IS TOAT IT? 

-Tnat's it, I forgot the other part. > 
-GOOD. THAT'S ALL. " ' 

-I just read it a little while ago. , 

-OK, THIS WAS. KIND OF pLATED TO IT. V^- 

-Yeah. , ' " 
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-THIS IS "LIFE ACTIVITY?" / 
I -AND THAT'S RELATiD TO ORGMISMp^ ^ 
' -uh hum* / 

-HOW SO? " / . 

-All organlsmsj plants and animals, have all life activities. Animals will die, 

than before thay die they'll have their life activity. 
-GOOD, GOOD. / 

-AND THEN TOIS IS PRODUCTION? .FOR PL^S, RIGHT? HOW'S THAT? HOW DO THOSE WORK TOGETHER? 
-(long pause)..*. Well, /the production of food, and they use the they product 

food j yes, they can .product food, 

-PLANTS... WHAT? / 

^ its a prdductd.on of food. 
-I SEE, PLANTS'... OK. / - 
-DO YOU HAVE ANY QUESTIONS? DOES THIS, DOES TOIS FOLLOW THE RULES OF CONCEPT MAPS 

AS YOU KNOW THEM? / V 
-Yeah. / \ 

-OK. COULD YOU TELL !^ THE RUUS OF CONCEPT MAPPING. YOU USED TO DO THIS? ^ 
-Well, you use it to relate to things (OK), the relation of them (UH HIM), C-long pause). 
-iy^YTOING EL|E? / ' 

-(-long pause) J They all have, they all do the same things, 

-WHAT? I DON'T KNOW/W^T "TTOY ALL DO im Sfim TOINGS" MEMS. mAT DO YOU MEAN? 
-They all have respiration, and they all have reproduction, and the ones that don't 

reproduct are.. get bxtinct, , 
-I SEE... OK, DO YOU HAVE ^ QUESTIONS FOR ME? ^ 

-No. . ^ 

-OK, THANK YOU FOR TALKING TO ME, OK? ^ ' - 

*ok, ^ « 



elapsed time - 12 minutas 




Time to read paragraph - 2 minutes 

Time to construct map , - 1 minute, 55 seconds 

Time for entire- interview ^ 12 minutes 
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Student Number - #130 

January 16, 1$80 
Vestal 



■ 0. T. J. 
^' Tape Code V-I-9 



Uh huh (affliTOatlve) 



AND WHAT'S YOm LAOT NAffi? 



(she then spells It out) 



O.K. I'VE GOT TO pur Ali THIS DTOmTION DOWN. JANUARY l6, 1980,- YOU'RE AN 
EIOffiH GRffilR. m ^OW mATj BOT I JUST WAOT TO.^. .DI VEOTALj AlCi THAT'S IVE^ 
O.K.? GOOD.' ALL RIGfW. AS I SAID, WE ARE HERE CONMCTION WTTH TIE CONl^FT 
MAPPBIG raAT YOU mm DOINO' IN CLASS. IHAT'S IfflAT WE'RE GOMJ TO ASK YOU TO DO 
TODAY, mm A CONC^ MAP. mkT YOU DO WmE TODAY IS TOR OUR PlBPOSffi ONLY. 
AIL RISEC? IT'S NOT GOINQ TO AITECT TOUR fmRK BI ANY WAY. . .IN SCiaiCE. O.K.? 

m. DECATUR iMAY WANT TO Sm TIE MAP BECAUSE lE'S mm OP CURIOUS 

Kn© OP CUfflOUS ABOOT WHAT'S Bmi GOMQ ON, STUFT Lllffi raAT. DO YOU HAVE ANY 
O^CTIONS TO .H™ SffiINO n? 

Uh uh (nesatlve) 

O.K. fOST P10PI£ DON'T. O.K. WE GOT THAT. JUOT SO m IHINK WE'RE TALKNG 
ABOUT 1HE SMm imNG, VHAT DO YOU IffitK A CONCEPT MAP IS? KW WOULD YOU DESCRIBE 
m? ^ . 

■s^ Well, it*'s Uke If ' you have a parap'aph.. You can make It Uke Into a dla^am,. 
. and it's easier to understand. Cause you don't have to read so much. 

• . UH HUH. MAIffiS IT EASim ITOI? IP "YOU HAD A GraLFRIET© OUT IN CHICAGO CMJJUBi 
' -YOU mew, TO PBD OUT VHAT'S GODIQ ON AND HOW YOU'RE DODJG AND YOU'RE TALHNG 

ABOtj^ COICEET maps; AND Sm ASIS YOU, "WHAT DOES A, CONCEPT MAP LOOK Lnffi?" 

HOW mULD YOU DESCRIBE 11? ' . ' 

'it's Uke, im. It branches out —.you'd have a general topic on top and then you'd 
put, Uke, a Um going down from each one,' and It has, Uke, specific things, 
and keeps getting down to most specific tMng'that th^e Is. 

I Sm. THOSE LBfe...'^T DO IHOSE LINES DO? - . ' 

^ Llkaj they ^ re fill Ins for'worda and, stuffy like^ If you have a plmit and you 
to put It^s .called^ you stick It on the line, 

UH HUHv ALL HOT", ^ GOODI, I THINK m HAm AN IDEA ... MS lELFBD YOU PMI 
m huh (afflramtlve) ■ ' - . ■■ . ^ V 

YOU rilffi CONCEPT MAPPBIG? - • ' , *' • ' ' * 





Yeah. 



73 H EASffiR THAN NOIE TAKING? 




Uh huh (affirmative) 



ERIC 



. page 2 



ERIC 



mvk YOU USED IT TO STUDY FOR A TEST? 
Yeah. 

Dm YOU GET A°BBITER MASK? 

Well, we only took about two tests, but I got a better mark this time. 

•GOOD' VERY GOOD! O.K. C300D. THOT'S WHAT \^E'RE XNTmEST© BI ... TO SM IP 
WE CAN DO THAT O.K. WkT I'M GOINQ TO DO IS 'I'M OOmO TO GIVE YOU A PARAGRAPH 

TO mm Am ra's kbd op sidkp. some are wiots that you'^/e had aibeadyj-^ou raiow, 
so n's wmLm brai© new, pm m^ i'm Gomo to ask you to w is read the,^ 

PARAORAPH AND TIEI mPffDY TM CONORS IN TO^^ O.K.? AND YOU wm. BE 
TO WR^ THKE CONCHTO DOWN ON THESE LimE SiffiOTS OP PAPIR. O.K.? NOW,VE 
USE TIESE LBES . . . TffiSE , YELLOW PffiClS^OP PAPffi TO REPRESENT TIE LnffiS. WE DO 
TKCS SO WE CAN MOVE n? AmUJD DIS'^D OP WRCTBIG'IT OUT AND QROSSmG IT OUT. 
O K *' AND YOU CAN ^AfflllE ON TBESE. . .'HE CONCOTS ON HESE AMD YOU CAN WRm ON 

EVm CON^ECTION YOU WAOT TO MAffi T^M, OJC.? SO, IP YOU'LL JUST READ 
THES TO YOURSltJ', YOU MAY WANT TO MAD IT MORE THAN ONCE. I WN'T TAIE TT AWAY 
PHOM YOU. WE CAN LEAVE OVm TI^E TO REEER TO, O.K.? 

(Pause for 16 aeconda while reads para^ph. ) 

o.k. , got it. 

IS HERE ANYTfmO BI THE PARA^APH YOU DON'T IMJmSTAND? ANY CONCEPT. . .ANY 
TOiDS'^ NO*? LOOK PRm^f PAmilAR? TOAT'S WE WAY WANOT IT. O.K. NOW, 

IF YOU mmn, you can. . . . .now,, and staot wrudo out tie concctts . . .tie concepts 
ON tkse papers.... 

C Pause for 15 second while writes concapts.) ^ 

Is it all rigit if I stick then here? 

YOU CAN 

SUTSJ- WHATEVER YOU WANT. /MAKE 'HE MAP AS YOU GO ALONG. 

(Pause for 1 minute, 13 seconds) 
Oh, boy. 

(LAUGHEER) THAT'S TIE ICRST PART. TMSE TKENOS. . . .PAIL APAOT A LiniE BTT. 
.. .THBffi m GO. NEAmESS DOESN'T. COUNT, SO DON'T WOmY AKUT THAT. O.K.? " 

(Pause fdr 2 minutes, 44 seconds) • 

I guess I'm finished. 

0 K GOOD VTOY 000'" O.K. YOU'^ NOT STUCK .WITH IT. ^ YOU WANT TO mm .ANY 

CHANGES. " ' m^mmm, ADDI^IO^E, ■ subtractions, rcvE it around. WHAiEvm you wa^tt 

TO DO, YOU CAN-, O.K.? • , ' . 

(Pause for 17 seconds) ■ ' » _ 
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I guess that's It. 

'O.K. wmE. I WAOT TO IDH^rm' IT FOR THE TAPE RECORDER^ O.K.? ..• 

Uh huh (affa^tiiative) - ' ■ , 

SO 'teAT ET KNOWS. O.K. POT "MATTm" UP ON TOP COMffiCTm TO 'tm CONCEPT 

"rCLECtEiffi;" AND HAS TOUTEN "HAS" ON Tm LmE W MIWEEN. TOLECUUS IS 
CONNECTS TQs "MOTION" AND THE TORDS "ARE DJ" CONTACT THDSE-T/TO CONCIPIS. MOTION 

IS coNNEcrm to "m^raATUffi" msE he mm "deertcnk" on tie line. isffmATUHE 

HAS TTO LI^ES COraWG OW TH. ON TIE IMT CONmomD TO "PASira MOVDIG" AND TIE 
worn "IF" BETWEEN IT. TW EASTm MOVTOG CONtTCTiD TO TIE CCNCEPT "KEGHm . 

TEtffm\TURE" Tm mm "has" in ^umi. on tfe rigict hai© stoe of •rayp^TURE 

Tm mm, house me, TE^mATURE IS CONNECIED TO TIE CONCEPT "SLOVER MOVING" OTIH 

Tm vjoro "IP" TO BETwmj, and itjat's mmEorm to "lower T^fflATURE" wim tie 

WORD "MS" m BCTWmi. O.K.? Ali RIOTT. WHY DID YOU CONTECT TI^E WO UP lERE? 
Because all natter Is imds of molecules. 
UH HUH. WIff Dm YOU COMECT, 'DESE TIC? 

♦ 

Because niDlecules are In constant motion. 

I SEE, Am, WIff Dm YOU COMECT TIffiSE,TWD. IT'S PREITY EASY... IT'S PREITY ' 
DEPBUm Tm WAY YOU HAVE TT. ' ^ . 

Well, the motion detemlnes the tenperature. 

IS THAT WAT^TI IS? Hfi MOTION DEIOTCJES THE TH^ERATURE? OR DOES THE TEOT^TUffi 
DECOTm^E TIE MOTION? . " • 

lAe motion deteimlnes the tenperature, cause If they're faster.' mojing 5' it's got a 
higher tanperature. ^ 

UH HUH I SEE. .O.K. PBE. ^. BOY! YOU JUST WANT TO- ZIP RIGHT HffiOUaH IHIS! , 
SO YOU WON'T HAVE THA* MANY QUESTIONS ON H. WOULD YOU USE TOilS FOR FOR SOCIAL , 
STUDffiS OR mTH OR SOMTmrG. COULD YOy. USE A CONCEPT MAP TOR OTOSE. 

Yeahj for social studies. -I don't know about math. ' ' • 

HAVE YOU GIVEN IT ANY THDUOOT? • ' , . 

Yeah, I'd use It for social studies. ' ' ■ 

YEAH? OH I IS .IT SDOTCT TO LOOK AT SOCIAL STUD^? YOU'^fEOTIOI^ AT THE BEGINNING 
THAT YOU POT YOUR MORE GENSAL CONCST UP HfflEi AND TIE TCRE SPECIFIC CONCEPTS 
OOT lEra:. IS THAT iroW YOU DID TI HEHE? DO YOU THINK? 

Yeah, I'm pretty sure. ' ' . • • ' ■ 

YOU'RE fmrn sure? • o.k. ' goodi miL, ldon't have any mm qtestioms 

YOU. YOU REALLY ,ZIPPm RIGHT TOEOUOT THAT. VEFff GOOD. DO YOU HAVE ANY QUESTIONS 
PGR ME? . ' , ■ ' . • ' , 
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NO? O.K. WAS IT AS BAD. AS YOU OHOUOTr IS V/AS C30ING TO BE? 
Mo. ^ » - ■ 

NO? sm? IT'S imm. as bad as Phj^jk say it's ooDja to be. 

Tism to read para^aph ^ 16 seconds 

Tim to construct nap - 4 ntoutes^ 29 seconds 



APPiNDIX III 

Sampla laboratory exercises repreiented on the Knowledge "V" 
from studtnti in Trumaniburg, 1979-1980* 
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APPENDIX IV 

San^las of students* explanationi and concept maps for the •'Winebottla^* 
and '-Electricity" axamples of conceptual questioni. 
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